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CHAPTER 1 
 
THE EMOTIONAL ATTENTIONAL BLINK: WHAT WE KNOW SO FAR 
 
 Rapid detection of emotionally salient events is critical for survival. However, given 
capacity limits on attention and awareness, the ability of emotional stimuli to preferentially 
capture attention comes with a cost. Specifically, if attentional resources are drawn to an 
emotional stimulus, there will be less processing capacity available for other stimuli. Although 
several different tasks have been used to explore the effects of emotional stimuli on spatial and 
selective attention, recent studies using more novel paradigms have begun to provide insights 
into the time course of attentional capture to emotionally salient stimuli and the impact of this 
capture on the ability to perceive subsequent stimuli. In this review, I discuss the emotional 
attentional blink (EAB) as a model paradigm for understanding stimulus-driven influences of 
emotion on attention. I contrast the EAB to other paradigms for studying emotion-attention 
interactions and review current neuroimaging and neuropsychological data for the mechanisms 
underlying the EAB. I conclude with a review of emerging evidence on the potential utility of 
the EAB as a measure of attentional biases to concern-relevant stimuli in psychopathology. 
Initial studies of the EAB 
The attentional blink (AB) paradigm measures the temporal capacity limits of attention 
(Dux and Marois, 2009). In the standard AB task, identification of a first target (T1) during a 
rapid serial visual presentation (RSVP) stream transiently impairs the ability to detect a second 
target (T2) (see Figure 1a). The refractory period during which T2 cannot be detected is labeled 
the AB. The EAB involves the presentation of task-irrelevant emotional distractors during an 
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RSVP target detection task (see Figure 1b). In this paradigm, emotional distractors elicit an AB, 
even though the distractor stimuli are not targets (Arnell et al., 2004; Most et al., 2005). This 
type of emotion-induced AB indexes the ability of emotional stimuli to rapidly capture attention.  
Most and colleagues (2005) provided an early description of the EAB, and coined the 
term emotion-induced blindness. On each trial, they had participants search for a single rotated 
image depicting a landscape or building within an RSVP stream of upright landscape or 
architectural photos. At 200 (lag 2) or 800 (lag 8) ms prior to the target, a distractor appeared 
consisting of either a negative, neutral or scrambled image. Accuracy was impaired when a target 
followed a negative distractor at lag 2 relative to lag 8. Critically, performance was substantially 
worse following the negative distractors than the neutral distractors at lag 2. The EAB could not 
be easily accounted for by factors such as the color of the negative distractors because the 
emotionally salient distractors caused a robust AB relative to scrambled distractor images that 
were created by rearranging and blurring the negative images. Examination of the time course of 
the EAB indicates that the effect can be seen as early as lag 1 (Most and Junge, 2008), but 
declines substantially as one moves longer than lag 2, such that it is progressively weaker at lag 4 
and lag 6. The effect is typically gone by lag 8, and indeed there may be a modest enhancement 
of target detection at lag 8 (Ciesielski et al., 2010). Overall, the length of the emotion-induced 
blindness is roughly similar to the standard AB, which typically lasts for approximately 200-500 
ms (Raymond et al., 1992).  
The EAB is not limited to negative or aversive images. In a number of studies, it has been 
shown that erotica induce an EAB that is often larger than that produced by aversive images 
(Ciesielski et al., 2010; Most et al., 2007). Such findings suggest that arousal rather than valence 
is a critical feature in generating attentional capture. The effect also occurs with verbal stimuli. 
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Some of the first published demonstrations of an EAB effect utilized a verbal RSVP task in 
which participants had to detect words printed in a specific color (Arnell et al., 2004; Arnell et 
al., 2007; Mathewson et al., 2008). In this paradigm, emotionally arousing and taboo distractor 
words produced an AB relative to neutral words when a color target occurred soon after an 
emotionally arousing distractor word. 
The current meaning or value of the distractor stimulus can modulate the ability of a 
stimulus to cause an EAB. Smith et al. (2006) demonstrated that aversively conditioned stimuli 
cause a blink and Piech et al. (2009) showed that current motivational state of the participant can 
modulate the extent of an EAB (e.g., food stimuli induced a greater EAB when subjects were 
fasting). These modulations of the EAB appear to be relatively modest compared to the large 
magnitude of attentional capture by aversive or erotic pictures, but may enable use of the EAB as 
a measure of dynamic changes in stimulus valuation. This sensitivity to changes in stimulus 
value suggests the potential utility of the EAB as an objective marker of the effects of therapeutic 
interventions in psychiatric conditions in which stimulus-reinforcer associations potently drive 
behavior. 
Comparison with other emotion-attention interactions 
The EAB provides a unique measure of attentional capture by emotional stimuli. 
Although several paradigms have been commonly used to study emotion-attention interactions, 
none of these paradigms appear to measure the same phenomenon as the EAB, or if they do, they 
lack the robustness of the EAB effect. Methodologically, the most similar paradigm to the EAB 
involves a variant of the standard AB in which a T1 target is followed by an emotional stimulus 
presented as the T2 target. This variant allows examination of the extent to which emotional 
stimuli can break through the refractory period of the AB. Critically, emotionally salient T2s 
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emerge from the standard AB window more readily than their neutral counterparts (Anderson, 
2005; Keil and Ihssen, 2004; Milders et al., 2006). For instance, in AB studies by Anderson and 
Phelps (Anderson, 2005; Anderson and Phelps, 2001) in which subjects had to detect words 
written in a specific color, the T2 was more likely to be detected if it consisted of an emotionally 
salient word instead of a neutral word. This effect occurred even though the meaning of the 
emotional and neutral words was irrelevant to the instructed task, which only required subjects to 
attend to each word’s color. This type of enhanced detection of emotional T2 stimuli has also 
been observed for emotional facial expressions, with highly anxious individuals showing 
enhanced detection of fearful vs. happy faces presented at T2 (Fox et al., 2005).  
The preferential detection of emotional T2 stimuli in the standard AB and the ability of 
emotional stimuli to capture attention in the EAB indicate prioritized processing of emotional 
stimuli. However, the two paradigms differ in terms of the processes being measured. The 
standard AB with emotional T2 characterizes preferential target detection under a condition of 
limited attentional resources, whereas the EAB focuses on the impact of attentional capture on 
the processing of other stimuli. In particular, these two paradigms differ in the extent to which 
they depend on distinct types of attention. Although attention may be carved at many joints, a 
commonly accepted categorization divides attention into goal-directed (top-down) and stimulus-
driven (bottom-up) attention (Corbetta and Shulman, 2002; Egeth and Yantis, 1997). Goal-
directed attention allows us to voluntary select stimuli from the environment whereas stimulus-
driven attention reflects the ability of highly salient items to capture attention. In the standard AB 
the emotional T2 stimulus is task relevant, and congruent with goal-directed attention to colored 
words. By contrast, the EAB has the hallmarks of a stimulus-driven, bottom-up engagement of 
attention in that attention is captured even though the emotional stimuli are task irrelevant. There 
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is little evidence of a goal-directed ability to overcome the EAB effect even when people receive 
monetary rewards for good performance (accurately detecting targets), and regardless of 
subjects’ evaluation of how hard they try to do the task (Most et al., 2007). Of note, prior 
exposure to and expectation of highly arousing emotional distractors does not eliminate their 
ability to capture attention (Arnell et al., 2007). 
In considering other tasks that can be used to examine emotion-attention interactions, it is 
notable that most of these paradigms either reflect a preferential detection of emotional stimuli, 
or the ability of emotional stimuli to interfere with goal-directed attention. As such, the literature 
often parallels the divide between standard AB with emotional T2 and the EAB. For instance, 
several tasks including backward masking and continuous flash suppression provide instances in 
which emotional stimuli are preferentially detected. In backward masking, an emotional 
stimulus, typically a face, is presented very briefly and followed immediately by a masking 
stimulus such as a neutral face (Esteves and Ohman, 1993; Pessoa et al., 2005). Emotional 
expressions can be detected with even short presentation times (10-20 ms). Continuous flash 
suppression is a technique in which awareness for a stimulus presented to one eye is suppressed 
while visual noise is presented to the other eye (Tsuchiya and Koch, 2005). Suppressed fearful 
faces appear to reach awareness more readily than happy or neutral faces (Tsuchiya et al., 2009; 
Yang et al., 2007). These tasks differ from the EAB primarily in that they are not typically used 
to measure the effect of emotion on awareness for a subsequent stimulus. 
By contrast, the emotional Stroop measures the extent to which emotional information 
interferes with processing of non-emotional features of stimuli. This variant of the classic Stroop 
effect examines the extent to which individuals are slower to name the color of emotional words 
than neutral words (Williams et al., 1996). There is an element of stimulus-driven attention in 
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that the semantic meaning of the word interferes with attention to the color of the word even 
though word meaning is incidental to the task. To minimize this distraction, subjects must use 
top-down attentional control to overcome emotional interference. Because it measures the extent 
to which emotion interferes with task relevant processing, the emotional Stroop can be argued to 
have at least a superficial similarity to the EAB. However, the emotional Stroop paradigm differs 
from the EAB in three critical ways. First, there is never a failure to see the stimulus in the 
emotional Stroop paradigm because the distracting emotional information and the goal relevant 
stimulus are not spatially or temporally dissociable. Second, unlike the EAB, in which individual 
stimuli capture attention, emotional Stroop effects do not show an individual stimulus effect.  
That is, the emotional Stroop effect is seen when entire blocks of words are threat related, but is 
absent when emotional words and neutral words are presented in a mixed block (Algom et al., 
2004). Algom and colleagues argue that this pattern of results reflects a generic slowing rather 
than a classic selective attention mechanism. Finally, at least to date, there is little evidence that 
the EAB can be overcome by the application of top-down control, although it may be possible to 
modestly alter the magnitude of the EAB based on knowledge about the target (Most et al., 
2005).  
The effects of emotional stimuli on attention have also been examined in the context of 
visual search tasks. In such tasks, an emotional target (e.g., spiders) is detected faster in an array 
of neutral images than a neutral image is detected in an array of emotional targets, especially at 
larger matrix sizes (Ohman et al., 2001). Typically, this is attributed to a pop-out effect for the 
emotional stimuli that leads to faster detection. However, it is also possible that a slowed 
detection of the neutral stimuli among a matrix of threat images is due to attentional capture 
caused by one or more of the threat images, which transiently disrupts the ability to perceive the 
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neutral stimuli. Unfortunately, as typically applied by researchers (without the addition of 
baseline measures of performance in the absence of any emotional stimuli), it is unclear to what 
extent findings from the visual search task reflect speeded detection of emotional stimuli, 
interference in detection of neutral stimuli, or both (Lipp, 2006). In contrast, the EAB paradigm 
allows for independent measurement of the distinct effects of emotional and neutral distractors 
on target detection. 
The dot probe task (MacLeod et al., 1986; Mogg and Bradley, 1999) is another popular 
measure for assessing the effects of emotion on attention.  The task measures the extent to which 
attention is drawn to or away from a spatial location where an emotional cue (typically a threat 
face) has occurred by measuring whether reaction times are faster when a target appears at a 
position congruent or incongruent to the cue. However, unlike in the EAB, there is no evidence 
that the emotional cue prevents awareness of the target. Rather the emotional cue only delays the 
detection of the target, and this delay is extremely brief, often at the level of 20 ms or less, and 
the delay is not always observed in non-clinical samples (Frewen et al., 2008; Schmukle, 2005). 
Thus, while the dot probe task may capture an emotional impact on attention, it appears too brief 
and weak to represent the same phenomenon captured by the EAB, which can last for 100s of 
ms, and is seen consistently in the healthy young adult samples that have been studied thus far.  
In sum, the EAB phenomenon differs conceptually from common emotion-attention task 
paradigms and allows measurement of attentional capture in a clear manner that is not 
contaminated by other aspects of responsiveness to emotional stimuli. Because the EAB is robust 
even within healthy (non-clinical) individuals, it is well suited for studying emotion-attention 
interactions and the neural substrates mediating these processes.  Also of note, while emotional 
stimuli are task relevant in emotion-attention paradigms such as the standard AB, emotional 
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Stroop and visual search paradigms, they are not task-relevant in the EAB. This latter factor 
becomes important in determining precisely which aspects of attention are influenced by 
emotion.  
Attentional capture and stimulus-driven attention  
As noted above, emotion-attention interactions can be considered in the context of goal-
directed vs. stimulus-driven attention, with the EAB showing the characteristics of stimulus-
driven attention. Corbetta & Shulman (2002) have proposed a model in which goal-directed and 
stimulus-driven attention depend on largely separable neural networks: a goal-directed dorsal 
frontoparietal attention network, including the frontal eye fields (FEF) and intraparietal sulcus 
(IPS) and a stimulus-driven ventral network that includes the temporoparietal junction (TPJ) and 
ventral frontal cortex (including the anterior insula and lateral frontal regions). The standard AB 
is thought to primarily relate to capacity limits to goal-directed attention. It is critically 
dependent on attention being allocated to the first of two targets (T1, T2) during the RSVP 
stream. By contrast, when the first target is to be ignored, the second target is readily detected 
(Raymond et al., 1992).  
According to two-stage bottleneck models of the AB, all stimuli in the RSVP stream 
undergo an initial stage of perceptual and semantic processing (Chun and Potter, 1995). This 
stage has a high capacity to process stimulus representations in parallel. When target stimuli 
appear, they compete for a second stage, limited capacity process that enables awareness of the 
target. The first stage representations are weak and susceptible to decay: failure to detect T2 
occurs if processing of the first target in the limited capacity second stage doesn’t complete 
before the stage 1 representation of T2 fades. Two-stage bottleneck models are supported by 
functional magnetic resonance imaging (FMRI) data. The correct detection of targets during the 
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AB has been linked to activation of the dorsal frontoparietal attention network in concert with 
primary and higher order visual areas, whereas activation of sensory cortices alone does not 
appear to be sufficient for conscious report of targets (Gross et al., 2004; Marois et al., 2000; 
Marois et al., 2004; Shapiro et al., 2007; Williams et al., 2008).  
Non-emotional, task-irrelevant distractors can also impair target detection during an 
RSVP stream, particularly if they share perceptual or conceptual features with a target (Barnard 
et al., 2004; Folk et al., 2002; Maki and Mebane, 2006). This “contingent attentional capture” 
may be viewed as a hybrid condition in which there is a goal-directed attention filter that allows 
certain stimuli to capture attention. Contingent attentional capture has been shown to recruit 
cortical areas consistent with the stimulus-driven attentional network in concert with the dorsal 
attention network (Serences et al., 2005), reflecting the dynamic interplay of top-down and 
bottom-up processing in this paradigm.  
Asplund and colleagues have recently characterized attentional capture driven by 
irrelevant, non-contingent distractors during RSVP (Asplund et al., 2010a; Asplund et al., 
2010b). They found that novel, unexpected distractors robustly impair target detection (termed 
surprise-induced blindness, or SiB), but this capture effect lasts for only one or two trials. This 
robust SiB effect was most apparent at a distractor-target stimulus onset asynchrony (SOA) of 
390 ms, and was subject to rapid habituation across trials. Asplund et al. also identified a second 
variant of the SiB - at a shorter distractor-target SOA (130 ms) they detected a longer-lasting but 
weaker capture effect; target detection was impaired, but not to the extent it was during the first 
two trials with a 390 ms SOA. SiB differs from the standard AB not only in its dependence on a 
task-irrelevant stimulus, but it is also unaffected by placement of a blank immediately following 
the surprise stimulus (a condition that typically attenuates the standard AB). Neuroimaging 
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evidence supports the notion that the robust form of the SiB is distinct from the standard AB. 
Activity in the temporoparietal junction (TPJ), a region thought to be critical for reorienting 
attention in a stimulus-driven manner (Corbetta et al., 2008), is increased on trials in which 
surprise distractors capture attention (Asplund et al., 2010a). By contrast, this area is not 
commonly observed during more traditional AB tasks (Marois et al., 2004). 
Mechanistically, the EAB shares more in common with SiB than either the standard AB 
or contingent attentional capture. SiB and the EAB occur despite the task-irrelevance of the 
critical stimulus. They also both appear to be relatively automatic, and largely outside of 
voluntary control. The persistence of EAB and the weaker form of the SiB may be similar as 
well: experiments using a verbal form of the EAB (Arnell et al., 2007) and the weak form of the 
SiB suggest a decline of the effect after ~100 trials. Whether the EAB using aversive or erotic 
pictures diminishes after a similar number of repetitions remains to be seen, as studies to date 
have generally used fewer than 100 emotional stimuli for a given class of stimuli. The EAB and 
SIB also are similar in terms of a lack of lag 1 sparing (Asplund et al., 2010b; Most and Junge, 
2008). Lag 1 sparing is a feature often found in studies of the AB (and contingent attentional 
capture) in which the blink is decreased if presentation of the second target occurs in the serial 
position immediately following the first target (Chun and Potter, 1995). The precise cause for lag 
1 sparing is a source of debate, but most explanations center on either the importance of a 
specific temporal relationship between T1 and T2 (approximately 100 ms) or on the 
characteristics of the post-T1 stimulus (Dux and Marois, 2009).  Lag 1 sparing is conceptually 
important in the AB literature, as the ability to explain this sparing has proven critical in the 
evaluation of different models of the AB.  The absence of lag 1 sparing in the EAB and SIB thus 
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suggests that the EAB and SIB involve mechanisms that are at least partially distinct from that of 
the standard AB.   
Despite their similar levels of endurance across trials the weaker form of the SiB and the 
EAB differ dramatically in their time course within a given trial. The lag-dependent time course 
of the EAB more closely resembles the AB. Beginning at lag 2, emotional distractors robustly 
capture attention and the effect gradually returns to baseline (Ciesielski et al., 2010). 
Additionally, SiB is more dependent upon contextual novelty. The weak lag 1 SiB disappeared 
when surprise distractors were presented as frequently as the non-critical distractors (Asplund et 
al., 2010b). However, the EAB still occurs when emotional critical distractors are just as likely to 
appear as neutral critical distractors (Arnell et al., 2007).  
Perceptual competition model of the EAB   
As noted previously, AB effects have often been explained with a two-stage bottleneck 
model (Chun and Potter, 1995) in which a target cannot be processed if the bottleneck stage is 
occupied with other processing. Although such a model could explain the EAB, in which an 
emotional distractor (like a T1 target) could occupy a second stage bottleneck, Most, Wang and 
colleagues (Most and Wang, 2011; Wang et al., 2012) have proposed an alternative possibility, 
in which emotional distractors generate increased competition for perceptual resources during 
stage 1 perceptual processing rather than limiting awareness at the central bottleneck stage 
(Figure 2). In this model, a robust representation of the emotional stimulus actively inhibits 
spatiotemporally adjacent goal relevant stimulus representations. Most & Wang (2011) 
hypothesized that if emotional distractors induce an EAB by creating competition for first-stage 
perceptual resources, the distractors should interfere with target processing primarily when the 
emotional distractor and target appear in the same spatial location. By contrast, if the distractor 
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caused an EAB even when the target was at a different spatial location, it would suggest that the 
EAB occurred at a later, central processing bottleneck. To examine this possibility, they 
constructed a task in which participants searched for a single target in either of two 
simultaneously presented RSVP streams. Emotional and neutral distractors could appear in the 
stream containing the target or the other stream. Critically, the emotional distractors produced an 
EAB only when they were presented in the stream containing the target. These data are striking 
in that they suggest that the EAB does not depend on a single central bottleneck, but rather 
occurs at a spatially specific (and presumably) stage 1 processing level. This finding further 
suggests that the mechanisms underlying the EAB are at least partly dissociable from those of 
the standard AB:  spatial selection is impaired during the AB (Jiang and Chun, 2001), whereas it 
appears to be largely intact during the EAB.  
Neural substrates of the EAB 
Emotional stimuli elicit strong activation across the ventral visual stream (Sabatinelli et 
al., 2010) and this emotional modulation of visual processing is thought to be a key means by 
which emotionally salient items capture attention (Vuilleumier, 2005). The amygdala is robustly 
activated by emotional stimuli (Sergerie et al., 2008; Zald, 2003) and has been posited to 
enhance activation of higher order visual areas through its strong projections to visual regions 
(Amaral et al., 2003; Freese and Amaral, 2005). Support for the amygdala’s role in such a 
process has been demonstrated for face processing in the fusiform gyrus (Hadj-Bouziane et al., 
2012; Vuilleumier et al., 2004), although it is possible that the amygdala is less critical for this 
modulation of other types of emotional stimuli.  
If amygdala-driven persistence of the sensory representation of emotional distractors is a 
key factor in their ability to generate an EAB, there should be: 1) increased amygdala activity in 
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response to emotional distractors when they capture attention, and 2) patients with amygdala 
lesions should exhibit a decreased EAB. At present, data directly supporting these two assertions 
remain lacking.  
Although a few studies have explored the neural correlates of the EAB with fMRI, to 
date, no study has specifically examined or reported amygdala activity in response to task-
irrelevant emotional distractors when they do and do not capture attention. Most et al. (2006) 
investigated the extent to which amygdala activity in response to emotional distractors was 
influenced by top-down attentional settings. As expected, negatively valenced distractors elicited 
increased amygdala activity when presented during an RSVP stream similar to that used to study 
the EAB. However, the authors only examined activation on trials in which no target was 
presented, leaving the impact of this amygdala activation on attentional processing unclear.  
Neuropsychological data suggest that the amygdala may not be required for an EAB to 
occur. Our group recently examined whether patients with unilateral amygdala damage exhibit 
an EAB (Piech et al., 2011). We found that amygdala lesion patients, regardless of the side of the 
lesion, displayed comparable EABs to healthy controls for both negative and positive arousing 
distractors. Although it remains possible that the amygdala contralateral to the lesion was able to 
produce an EAB, the lack of even a mild decline in the frequency of the EAB following lesions 
to either hemisphere is striking. To rule out the possible compensation of the contralateral 
amygdala in producing an EAB, it would be helpful to determine whether patients with bilateral 
lesions show a similar preservation of the EAB. Such preservation would be consistent with 
recent suggestions that there are multiple neural circuits by which emotional stimuli can 
influence attention (Pessoa and Adolphs, 2011).  
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An alternate hypothesis for understanding the mechanisms of the EAB is that emotional 
distractors capture attention by interrupting top-down attentional settings through interactions 
with the ventral attention network (Yamasaki et al., 2002) or by direct modulation of region in 
the goal-directed attention network (Pourtois et al., 2006). During attention tasks, the ventral 
stimulus-driven attention network is deactivated, which is thought to reflect a top-down filtering 
mechanism that helps suppress processing of information that is likely to be irrelevant to current 
goals (Corbetta et al., 2008). This suppression is interrupted by stimuli that attract attention. 
Findings from SiB experiments support this hypothesis: surprise distractors that generated a 
blink were linked not only to TPJ activity but also to activity in the inferior frontal junction (IFJ), 
a key locus in coordinating the interplay of stimulus-driven and goal-directed attention (Asplund 
et al., 2010a; Dux et al., 2006). 
Despite the potential role of the TPJ in the SiB, it may not be critical for directing 
attention to emotionally salient events. The ventral attention network generally does not respond 
to salient, behaviorally irrelevant stimuli in a prolonged manner (Corbetta et al., 2008; Indovina 
and Macaluso, 2007), yet the EAB lasts for many trials. Indeed, in their study of the SiB, 
Asplund et al. (2010a) found that although surprise distractors elicited greater TPJ activity when 
they captured attention, both the behavioral index of attentional capture and TPJ activity rapidly 
habituated. Of note, while the amygdala and orbitofrontal cortex (OFC) responded to surprise 
distractors, they did not track attentional capture as measured by behavior. Given the divergence 
of the SiB and EAB as described above, additional work is needed to determine whether the TPJ 
plays a role in the EAB, and how this and other ventral attention regions interact with the 
amygdala and OFC in the presence of emotional distractors during RSVP.  
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Given the paucity of studies examining the neural substrates of the EAB, it is worth 
considering how findings from emotional variants of the standard AB task might relate to the 
EAB. A growing body of literature indicates that a network of regions including the amygdala, 
rostral anterior cingulate, thalamus, middle frontal cortex and higher order visual areas contribute 
to the enhanced detection of emotional second targets during the AB window (Anderson and 
Phelps, 2001; De Martino et al., 2009; Keil et al., 2006; Lim et al., 2009; Padmala and Pessoa, 
2010). The emotional standard AB finding most closely related to the EAB comes from a study 
by Schwabe et al. (2010) in which both T1 and T2 could be emotional or neutral. Critically, this 
manipulation allows assessment of activity both in response to emotional T1 that impair 
processing of subsequent T2 (somewhat analogous to the EAB) and emotional T2 that “break 
through” the AB. The authors found no evidence of amygdala activation when emotional T1 
stimuli caused participants to miss T2 (either emotional or neutral). However, the anterior insula 
(AI), lateral orbital frontal cortex (OFC) and dorsal anterior cingulate (dACC) were more active 
when an emotional T1 word impaired T2 identification compared to when T2 were correctly 
reported. These data suggest that anterior components of the ventral attention network such as 
the AI may play a more important role than posterior areas in orienting attention to distracting 
emotional cues and driving attention effects. Although the task is not a perfect match to EAB 
studies in that T1 was goal relevant, the absence of amygdala activation supports the possibility 
that extra-amygdalar neural circuits play a role in the EAB. Future FMRI studies are necessary to 
better understand whether the circuits involved in emotional target detection play a role in the 
EAB. Finally, emotional T2 detection during the standard AB is enhanced by increasing 
endogenous levels of norepinephrine (De Martino et al., 2008). This finding is particularly 
intriguing given a hypothesis proposed by Aston-Jones and Cohen (2005) that firing of 
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norepinephrine-producing neurons of the locus coeruleus is responsible for the AB.  It would be 
of interest to examine whether the EAB is similarly subject to noradrenergic modulation. 
Disengagement and Delayed Enhancement of Attention 
While the natural focus of the EAB paradigm is the disruptive effect of stimulus-driven 
attention, by measuring the length of time (lag number) at which individuals return to baseline 
performance (equivalent to neutral or no distractor trials), it is possible to obtain a metric of how 
long it takes an individual to disengage from an emotional stimulus and reassert top-down 
control of attention. Alternatively, in a study with just an early and a late lag, a disengagement 
efficiency index can be calculated by simply taking the difference in accuracy between an early 
and a late lag performance (e.g., lag 8 performance – lag 2 performance) (Olatunji et al., 2011a). 
In past studies subjects show the largest disengagement efficiency for erotic images, reflecting a 
large blink at lag 2, but a strong ability to disengage and reassert top-down control at lag 8.  
At long distractor-target delays, performance may reflect more than just disengagement. 
In the original studies of the EAB, lag 8 was treated as equivalent to baseline, and indeed there 
was no overall difference between neutral and aversive targets at this time point. However, in 
some samples, we and others have observed that performance is modestly improved following 
emotionally salient stimuli relative to neutral stimuli at lag 8 or longer lags, with notable 
individual differences in the magnitude of the effect (Bocanegra and Zeelenberg, 2009; 
Ciesielski et al., 2010). Bocanegra & Zeelenberg (2009) have referred to this type of late 
enhancement as emotional hypervision. They reason based on a two-stage bottleneck model that 
an emotional cue could trigger an enhancement during stage 1 processing that could allow for a 
facilitation of processing that carries over onto targets that are temporally far enough removed 
from the initial target (or distractor) so as to not be in competition. In other words, if such an 
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enhancement at the stage 1 level lasts longer than the stage 2 bottleneck’s refractory period, it 
will produce a period of improved detection at lags slightly longer than the typical length of the 
EAB effect. Bocanegra and Zeelenberg (2009) suggest that a single common source of emotional 
modulation could produce both the EAB and emotional hypervision effects through simultaneous 
influences on stage 1 and stage 2 processes. The parsimony of this model has appeal, as it 
requires only a single stimulus-driven process. There is however an alternative possibility in 
which hypervision effects during RSVP paradigms are not caused by the same mechanisms as 
the EAB, but rather reflect a distinct, independent source of stage 1 enhancement that is slower 
and longer lasting than the stage 2 bottleneck’s refractory period. The relative slowness of the 
effect could reflect a multisynaptic pathway that requires more time for stimulus evaluation 
before it can modulate stage 1 perceptual processing. Regardless of the specific mechanism, 
assessment of individual differences in performance at intermediate and longer lags may provide 
useful information regarding the mental chronometry of emotion-attention interactions.  
EAB sensitivity and anxiety 
Cognitive and neural models highlight the role of dysregulated attentional processes in 
the etiology of anxiety (Bishop, 2008; Eysenck et al., 2007). In a series of studies, we have used 
the EAB to measure the extent to which individuals with different anxiety disorders exhibit 
increased attentional capture or difficulty disengaging from concern-relevant stimuli. Recent data 
from patients with post-traumatic stress disorder (PTSD) is perhaps the most striking result from 
these studies. Attentional biases that automatically direct attention to trauma-relevant cues have 
been argued to play a key role in the maintenance of PTSD (Ehlers and Clark, 2000). Combined 
with a general hypervigilance, preferential attention to threat may lead to heightened fear 
responding to cues and repeated accessing of trauma-related memories. In a recent study 
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employing the EAB paradigm, we observed that combat-exposed veterans with PTSD showed a 
powerful EAB for combat images relative to both healthy controls and combat exposed veterans 
without PTSD (Olatunji et al., 2013). Disgust and positive distractors evoked EABs in the PTSD 
veterans that were comparable to those observed in non-PTSD veterans and healthy controls, 
suggesting the absence of global hypervigilance. As discussed previously, the EAB is sensitive 
to current stimulus value (Smith et al., 2006). Future studies examining the extent to which the 
EAB is modulated following gold standard interventions for PTSD such as prolonged exposure 
therapy (Powers et al., 2010) would be informative. 
By contrast, patients with obsessive compulsive disorder (OCD) have shown relatively 
normal levels of attentional capture at lag 2, but problems related to disengagement and the 
reestablishment of top-down attentional control at lag 8 (Olatunji et al., 2011a). This problem 
with disengagement emerged across emotional stimuli (reflected in a low disengagement 
efficiency index), but was most notable for erotic images. This may reflect a disorder specific 
concern (related to guilt or moral scrupulousness), or may reflect measurement sensitivity (since 
erotica consistently produces the most robust levels of attentional capture across samples, it 
provides the biggest challenge for disengagement mechanisms).  
Patients with generalized anxiety disorder (GAD) displayed heightened attention to 
threat-related distractors at both short and long lags relative to healthy controls, consistent with 
elevated threat sensitivity (Olatunji et al., 2011b). However, the data from this study indicate that 
GAD is also associated with a reduced ability to recruit attentional control in response to neutral 
distractors, which may suggest the presence of a more general problem in attentional control that 
extends beyond the emotion domain. Indeed, in that study GAD patients reported significantly 
lower attentional control on a self-report measure, and the relationship between task performance 
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for neutral stimuli and GAD diagnosis was shown to be mediated by attentional control as 
assessed by the Attention Control Scale (Derryberry and Reed, 2002). 
Conclusion 
In summary, the EAB paradigm provides a robust and unique behavioral measure of the 
ability of emotional stimuli to preferentially capture attentional resources in a stimulus-driven 
manner. EAB effects can be characterized in relation to a two-stage bottleneck model of 
attention, and provide the ability to examine the mental chronometry of emotion-attention 
interactions. Data on the neural mechanisms of the EAB remain scarce, but current evidence 
suggests that the ventral frontoparietal attention network involved in stimulus-driven attention 
plays a critical role.  Given the sensitivity of the EAB paradigm for detecting specific alterations 
in attentional capture and disengagement in anxiety disorders, the further delineation of the 
neural basis of the EAB may prove fruitful for identifying mechanisms underlying unique 
aspects of anxiety pathophysiology. Such research may lead to not only a better understanding of 
the neural correlates of psychopathological processes in these disorders, but could provide a 
useful biomarker for clinical treatment studies, especially those that explicitly attempt to alter 
attentional biases (Bar-Haim, 2010; Hakamata et al., 2010; Schmidt et al., 2009).  
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Figures 
 
Figure 1. Examples of standard AB and EAB trials. 
A. Schematic of a standard AB task in which the goal is to report the identity of two words 
printed in green. B. Example of an EAB trial in which participants must detect a rotated image in 
the presence of a disgust distractor. 
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Figure 2.  Two stage bottleneck model of the emotional attentional blink with emphasis on stage 
1 competition. 
Each stimulus in the RSVP stream is processed by stage 1 perceptual resources in parallel. The 
time at which a stimulus enters stage 1 processing is determined by its presentation order in the 
RSVP stream. A) If stage 1 processing of a task irrelevant emotional stimulus and the target 
overlap (highlighted in blue), their representations compete for selection into stage 2 processing. 
When the emotional stimulus is sufficiently strong (arousing), the strength of its representation 
combined with its appearance prior to T1 during the RSVP stream enables it to out-compete the 
target stimulus for entry into stage 2 processing.  Despite being goal relevant, the representation 
of the target fades before the stage 2 processing of the emotional stimulus is completed 
(highlighted in red).  B) By contrast, if the target were to occur at a later lag, such as lag 5, there 
will be less competition due to the reduced temporal proximity to the emotional stimulus, and the 
target representation can last beyond the end of the stage 2 processing of the emotional stimulus 
(highlighted in red). In such a case the target would be able to enter stage 2 processing. 
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CHAPTER 2 
 
FUNCTIONAL IMAGING OF THE EMOTIONAL ATTENTIONAL BLINK 
 
Introduction 
Emotionally salient events tend to attract attention. The notion that affective cues 
influence attention has not only intuitive appeal but also clinical importance. Anxiety disorders 
affect approximately 41 million adults in the United States a year and have a lifetime prevalence 
of 28.8% (Kessler et al., 2005a; Kessler et al., 2005b). Abnormal attention to affective stimuli 
has been observed in every type of anxiety disorder (Bar-Haim et al., 2007; Bishop, 2007). 
Characterizing the mechanisms by which emotion influences attention is therefore an important 
step in understanding the pathophysiology of illnesses that are a significant public health issue.  
Amygdalocentric model of the emotional facilitation of attention 
Behavioral data show that affective stimuli can be better identified than neutral items 
(Anderson, 2005; De Martino et al., 2009; Ohman et al., 2001) and may facilitate (Becker, 2009; 
Phelps et al., 2006) or impair (Arnell et al., 2007; Most et al., 2005; Most et al., 2007; Smith et 
al., 2006; Yiend and Mathews, 2001) detection of subsequent items depending on task variables 
such as stimulus type and timing (Bocanegra and Zeelenberg, 2009). The predominant model for 
the mechanism underlying emotional influences on attention holds that the amygdala modulates 
sensory cortices to bias attention in favor of emotional stimuli. Anatomical tracing studies in 
non-human primates have demonstrated that the amygdala sends topographically organized 
feedback projections to higher order visual areas (e.g. areas TE and TEO in the macaque) and 
sparser projections to earlier levels of the visual pathway including primary and secondary visual 
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cortices (Figure 1, pathway 1; (Amaral et al., 2003; Iwai and Yukie, 1987)). These feedback 
connections from the amygdala to visual cortex are hypothesized to act in parallel to top-down 
attention to transiently boost perceptual processing of emotional stimuli, allowing them to “out-
compete” non-emotional items for available resources (Vuilleumier and Driver, 2007). 
Neuroimaging data from healthy individuals have shown increased Blood Oxygen Level 
Dependent (BOLD) activity in primary and extrastriate visual regions for both conditioned 
(Armony and Dolan, 2002) and intrinsically affective stimuli including faces, scenes and words 
(Hamann et al., 2002; Isenberg et al., 1999; Morris et al., 1998) when compared to similar 
neutral items. 
The strongest evidence to date in support of amygdala-mediated facilitation of attention 
and sensory enhancement (SE) comes from two studies of patients with amygdala damage. A 
seminal study by Anderson & Phelps (2001) suggests the involvement of the amygdala in 
emotion-facilitated stimulus identification during the attention blink (AB) paradigm. In the AB 
task, detection of a target during a rapid serial visual presentation display temporarily impairs 
processing of a subsequent target (Chun and Potter, 1995; Raymond et al., 1992). If a sufficiently 
arousing word appears as a target at a short interval following the first target, it is more 
accurately identified than a neutral word target even when emotion is irrelevant for the task. 
Anderson and Phelps showed that unlike healthy adults, patients with left or bilateral amygdala 
damage do not exhibit increased identification of emotional second targets. Vuilleumier and 
colleagues (2004) conducted an FMRI study of epilepsy patients with amygdalar and/or 
hippocampal sclerosis in which patients with damage limited to the hippocampus showed the 
expected augmentation of fusiform gyrus activity in response to fearful relative to neutral faces. 
Critically, this differential fusiform response to emotion was attenuated in patients with 
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amygdala damage and the level of right or left fusiform activity decreased as the level of 
ipsilateral amygdala sclerosis increased. Similar findings of decreased response to facial 
emotions in ventral temporal visual regions have been observed in monkeys with amygdala 
lesions (Hadj-Bouziane et al., 2012). These two studies provide separate links between the 
amygdala with affectively facilitated attention, and neuroimaging data from healthy individuals 
indicates that functional association between the amygdala and visual cortex predicts enhanced 
detection of aversively conditioned targets during the AB (Lim et al., 2009). Taken together, 
these findings suggest that an amygdala-visuocortical circuit mediates preferential detection of 
emotional T2 during the AB. 
Persistence of attentional facilitation and interference by emotion in amygdala lesion 
patients  
Although the above studies provide evidence for an amygdala-dependent model of the 
emotional facilitation of attention, recent data controvert the amygdala’s role as a necessary and 
general component in this process. If emotional stimuli processed by the amygdala are more 
strongly represented in sensory areas, then individuals with damage to the amygdala should fail 
to show behavioral signatures of affective facilitation or interference for the very same stimuli in 
which amygdala lesions attenuate SE. However, a case study of a patient with relatively selective 
bilateral amygdala damage found no evidence for impaired detection of rapidly or 
subconsciously presented threat-relevant faces or scenes in several tasks (Tsuchiya et al., 2009). 
We have elaborated on this finding by showing that facilitated visual search for threat-related 
stimuli is also intact in a large sample of individuals with unilateral amygdala damage (Piech et 
al., 2010). Furthermore, individuals with amygdala sclerosis studied by Vuilleumier and 
colleagues (2004) failed to show any attentional deficits (as measured by behavioral 
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performance) for emotional faces compared to controls despite having attenuated sensory BOLD 
response to fearful faces. Amygdala-mediated SE is thus not likely to be a critical component of 
all forms of affective facilitation of attention.  
Extensive work from our laboratory has demonstrated that in addition to facilitating 
attention, emotionally or motivationally salient stimuli can capture attention (Most et al., 2005; 
Piech et al., 2009; Smith et al., 2006). Interestingly, amygdala activation has been observed in 
response to emotional distractors in this task (Most et al., 2006), yet we have found that this 
emotional attentional blink (EAB) is unaffected in individuals with unilateral amygdala damage 
(Piech et al., 2011). We recently demonstrated that patients with unilateral amygdala damage 
show intact SE for aversive and erotic stimuli similar to those used in studies of the EAB 
(Edmiston et al., 2013). These data suggest that affective attentional capture as measured by the 
EAB may rely on an extra-amygdalar system but do not address whether SE underlies the EAB. 
OFC-mediated alternative pathways 
The OFC is likely to be an important component of an amygdala-independent system 
supporting affective influences on attention because of its role in the emotional evaluation of 
stimuli. Neurophysiological recording and neuroimaging data show that regions of the OFC are 
sensitive to both appetitive and aversive stimulus qualities (Anders et al., 2008; Anderson et al., 
2003; Kawasaki et al., 2001; Lewis et al., 2007; Morrison and Salzman, 2009; Small et al., 2003; 
Tsao et al., 2008). The anatomical connections of the OFC position it to evaluate the affective 
significance of a stimulus and direct attention as necessary by modulating activity in sensory 
cortices or the ventrolateral prefrontal cortex (VLPFC). Indeed, a meta-analysis of OFC 
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functional connectivity shows that the LOFC is consistently co-activated with much of the 
VLPFC and ventral visual cortices (Figure 2; (Zald et al., 2014)).  
Several organizational schemes have been proposed for the OFC (Ghashghaei et al., 
2007; Ongür et al., 2003), but there is general agreement that sensory information from multiple 
modalities projects to lateral segments of the OFC. In particular, the lateral OFC (LOFC) 
receives highly processed visual information directly from inferior temporal (Barbas, 1993; 
Carmichael and Price, 1995; Saleem et al., 2008) and temporopolar cortices (Kondo et al., 2003) 
and indirectly through the amygdala (Barbas et al., 2011; Ghashghaei et al., 2007). In the 
absence of so-called “low-road” subcortical input to the amygdala (Pessoa and Adolphs, 2010), it 
is therefore likely that visual information is evaluated by the amygdala and OFC simultaneously. 
The LOFC also projects back to inferotemporal and temporopolar visual cortices (Saleem et al., 
2008). This LOFC-temporal visual loop represents an amygdala-independent pathway by which 
the OFC could enhance representations of potentially significant stimuli thereby facilitating 
object identification (Bar, 2003) and ultimately biasing attention in their favor (Figure 1, 
pathway 2). Importantly, in a study of emotionally facilitated visual search, Lucas & Vuilleumier 
(2008) found that a small group of neglect patients with damage to the posterolateral OFC failed 
to show enhanced detection of emotional faces. It is of interest that bilateral amygdala damage 
does not impair performance on a similar task (Tsuchiya et al., 2009). Although these data are 
encouraging, they do not address directly the LOFC’s role in affective interference with 
attention. 
The evaluation process triggered by an unanticipated or infrequently encountered item 
may engage an alternate pathway in which affective properties can alter processing. The LOFC 
projects to a ventrolateral prefrontal (VLPFC) component (Petrides and Pandya, 2002) of the 
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ventral frontoparietal network thought to be important for stimulus-driven attention (Corbetta 
and Shulman, 2002; Corbetta et al., 2008). FMRI BOLD activity in the VLPFC increases when 
attention is reoriented in response to unattended or infrequent events (Asplund et al., 2010; 
Indovina and Macaluso, 2007; Kiehl et al., 2001; Serences et al., 2005), particularly when they 
are aversive (Fichtenholtz et al., 2004; Strange et al., 2000; Yamasaki et al., 2002) and/or 
arousing (Williams et al., 2007). Emotional interference (as characterized by the EAB) is 
triggered by an infrequent, unpredictable, task-irrelevant affective event. Unanticipated threats, 
rewards or ambiguous items in the environment may be seen as pertinent to an organism’s well-
being and thus capture attention, regardless of current task set. Novelty and expectancy may 
additionally be critical aspects of an item’s affective salience in addition to its valence and 
arousal (Blackford et al., 2010; Weierich et al., 2009) and the OFC is responsive to both 
properties (Coull et al., 2000; Nobre et al., 1999; Petrides, 2007). The VLPFC and LOFC may 
function together to evaluate the affective meaning of a stimulus across a broad range of 
situations and tasks (Cunningham and Zelazo, 2007; Cunningham et al., 2004; Cunningham et 
al., 2003; Dolcos et al., 2004; Lee and Siegle, 2009; Lieberman et al., 2007; Wager et al., 2008). 
Neurophysiological data from monkeys substantiate this notion. Kennerley & Wallis (2009a; 
2009b) recorded simultaneously from the OFC and VLPFC during a spatial working memory 
task in which monkeys were presented with one cue indicating a spatial target and another cue 
signifying the amount of reward given for correct performance. Activity in the OFC coded an 
item’s reward value earlier than the VLPFC, but VLPFC activity seemed to be modulated by 
both reward and spatial information. The VLPFC may therefore integrate an emotional signal 
from the OFC with ongoing attentional demands in order to guide behavior (Figure 1, pathway 
3). 
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Pathways recruited during capture of attention by emotional stimuli 
The EAB paradigm developed by our group exemplifies attentional capture by emotion, 
yet only one previous study (Most et al., 2006) has examined brain function during this task, and 
only examined BOLD activity in response to emotional distractors during trials in which no 
target appeared. It is therefore unclear whether activity in the amygdala, OFC, or other brain 
regions, is specifically associated with attentional capture. In this study, I examined whether the 
amygdala or OFC participates in attentional capture by emotional stimuli as indexed by the EAB. 
I hypothesized that functional interaction between the OFC and VLPFC together with the 
stimulus-driven attentional network, rather than amygdala-visuocortical interactions, would 
result in affective modulation of attention. To examine the role of these structures in attentional 
capture by emotion, I used functional magnetic resonance imaging to measure BOLD response in 
healthy adults under conditions designed to elicit an EAB. I looked at BOLD response during a 
rapid serial visual presentation (RSVP) target detection task with negative, positive and neutral 
distractors separately for hit and miss performance. The neural structures that are involved in 
emotional attentional capture should exhibit an activation response pattern reflecting an 
interaction between distractor type and accuracy.   
Methods 
Participants 
Twenty-three neurologically and psychiatrically healthy adults (12 females, 11 males; 
mean age = 26.6, range = 19-42) participated in the experiment as part of a study on attention 
and emotion in obsessive compulsive disorder. Study participants were recruited using 
advertisements on an online research participant database (ResearchMatch.org) Four participants 
were excluded for motion (greater than 3mm or 2 degrees) and 1 participant was excluded for an 
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excessively high number of false alarms during the task for a final sample of 18 participants (10 
females, 8 males; mean age = 25.8, range = 20-38). Subjects completed a structured psychiatric 
interview (Spitzer et al., 1992) to rule out the presence of Axis I disorders. All participants 
provided written informed consent approved by the Vanderbilt University Institutional Review 
Board. 
Experimental task 
Participants performed 4 runs of 48 trials of an EAB task in which they were instructed to 
search an RSVP stream of upright images for a rotated image (Figure 3). Each image in the 
RSVP was presented for 100ms. Targets were 144 rotated landscape/architectural photos; half 
were rotated 90 degrees to the left and half were rotated 90 degrees to the right. Within the 
RSVP stream there were two types of non-target images: standard images consisted of 256 
upright landscape/architectural photos; and critical distractors were 80 emotional images 
consisting of 4 categories (20 disgust, 20 fear, 20 positive and 20 neutral). Disgust pictures were 
of contaminated or diseased items including roaches, feces, and maggot ridden food products. 
Fear pictures included animals bearing teeth in a threatening manner, humans brandishing 
weapons, and explosions. Positive pictures were of baby animals, beach vacations, and romantic 
scenes of couples enjoying a walk or dinner. Neutral pictures included images of tables, lamps, 
and plants. Valence and arousal ratings were not obtained from participants in this experiment 
due to time limitations. Disgust and fear distractor types were combined into a single negative 
valence category in order to increase statistical power for all behavioral and imaging analyses. 
Critical distractor images were taken from the International Affective Picture System (Lang et 
al., 2008) and supplemented with images taken from publicly available online sources.  
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On each trial, a critical distractor appeared in the 4th, 6th, or 8th position in the RSVP 
stream (48 disgust trials, 48 fear trials, 48 positive trials, 48 neutral trials). A target appeared 200 
msec (lag 2; 24 trials per distractor type) or 800 msec (lag 8; 16 trials per distractor type) 
following the critical distractor, with no target on 32 trials (8 trials per distractor type). At the 
end of the RSVP stream, they were asked to indicate by key press whether they detected a target 
rotated to the left, right or if a target was absent. During the inter-trial interval (ITI) a fixation 
across appeared in the center of the screen (duration range = 3-8s, mean = 3.96s). Participants 
completed 10 practice trials outside the scanner in which no critical distractor was presented; 
standard and target stimuli presented during the practice trials were not presented during the 
FMRI experiment. During the FMRI session, participants performed the EAB task following two 
separate functional tasks not reported here. The task was programmed in E-Prime 1.2 
(Psychology Software Tools, Pittsburgh, PA). 
Behavioral analysis 
To examine whether emotional distractors elicited an EAB, I conducted a repeated 
measures analysis of variance (ANOVA) with distractor type (negative, positive, neutral) and lag 
(2, 8) as within-subjects variables and accuracy as the outcome measure. A correct response was 
defined as having identified the direction in which a target was rotated. I used paired t-tests to 
test for significant differences between distractor types at each lag following significant omnibus 
tests. Analyses were carried out in SPSS version 20 (IBM Corp., Armonk, NY) and figures were 
created using the ggplot2 library in R (Team, 2013; Wickham, 2009).  
FMRI acquisition 
Structural and functional scans were acquired on a 3T Philips Achieva scanner (Philips 
Healthcare, Inc., Best, The Netherlands). High-resolution structural images were acquired with a 
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3D T1-weighted sequence (echo time (TE)=4.6ms; repetition time (TR)= 8.99ms; field of view 
(FOV)= 256mm
2
; number of slices=170; slice thickness=1mm; gap thickness=0). Each EAB run 
lasted for 7 minutes and 40s. Functional images were collected using a T2*-weighted EPI 
sequence (TE=28ms; TR=2000s; flip angle=90°; FOV=240mm
2
; in-plane resolution=3mm
2
; 
slice thickness=3.25mm; gap thickness=0.35mm; number of slices=38). Slices were tilted at an 
angle of 15° higher anterior than posterior relative to the inter-commissural plane in order to 
maximize signal in ventral brain regions.  
FMRI analysis 
Structural and functional images were preprocessed and analyzed with SPM8 
(http://www.fil.ion.ucl.ac.uk/spm) and Matlab (Version 7.8.0, The MathWorks, Inc., Natick, 
MA). Structural images were co-registered to the mean functional image, segmented into gray 
matter, white matter and cerebrospinal fluid and normalized to MNI space using SPM’s unified 
segmentation and normalization (Ashburner and Friston, 2005). Functional images were slice-
time corrected and realigned to the first volume of the first run, transformed to MNI space using 
the parameters derived from the structural normalization, spatially smoothed using a 5mm 
FWHM kernel and temporally high-pass filtered with a 128s filter. 
To examine the effect of emotional distractors on attention, first level analyses of 
functional data were first modeled using a distractor type by accuracy general linear model 
(Friston et al., 1995). I modeled the onset of each critical distractor with a regressor of 100ms 
duration. Separate regressors were constructed for each critical distractor type by accuracy 
combination, yielding 6 regressors (negative hit, negative miss, positive hit, positive miss, 
neutral hit and neutral miss). Critical distractors in no-target trials were separately modeled with 
100ms regressors of no interest. Each regressor was convolved with a canonical hemodynamic 
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response function taken from SPM. A secondary analysis of the functional data was conducted 
using a distractor type by lag by accuracy general linear model in order to examine the response 
to different distractor by accuracy conditions specifically during lag 2, as this is the lag 
associated with the EAB. In this model each of the 6 distractor type by accuracy regressors was 
subdivided by lag (2 and 8), resulting in 12 regressors (negative hit (lag2), negative hit (lag 8), 
etc.). 
First level analyses of between-condition differences in activation were calculated using 
1-sample t-tests comparing the beta weights associated with relevant conditions. Contrast images 
were calculated both for the distractor type by accuracy model and for the lag 2 condition in the 
distractor type by lag by accuracy model. Contrasts for the lag 2 condition in the distractor type 
by lag by accuracy model will be identified by appending a “2” to the conditions (e.g., negative2, 
neutral2). To assess the BOLD response to emotional distractors relative to neutral distractors 
irrespective of attentional capture, I calculated the contrasts negative vs. neutral and positive vs. 
neutral. The contrasts negative miss vs. neutral miss and positive miss vs. neutral miss were 
calculated to examine BOLD response to emotional relative to neutral distractors during 
attentional capture. Finally, two interaction contrasts were calculated: [(negative miss vs. 
negative hit) vs. (neutral miss vs. neutral hit)] and [(positive miss vs. positive hit) vs. (neutral 
miss vs. neutral hit)]. These interaction contrasts were calculated to identify the brain regions in 
which activity was modulated by emotion and attentional capture. All contrast images were 
calculated averaging activity across runs. 
I conducted group level whole-brain analyses by entering contrast images from the first 
level analyses described above into 1-sample t-tests in SPM8. I controlled for multiple 
comparisons using a topological FDR of 0.05 (Chumbley and Friston, 2009). For the amygdala, 
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small volume correction for multiple comparisons was carried out by inclusively masking each 
whole-brain statistical map with a bilateral amygdala mask taken from the WFU PickAtlas 
version 2.4 (Maldjian et al., 2003) with a voxelwise threshold of p<0.05 and a cluster threshold 
of 12 contiguous voxels. Results are displayed superimposed on the Colin 27 T1 template brain 
included with MRIcron (Rorden et al., 2007). The timecourse of percent signal change from the 
onset of the critical distractor was extracted from each significant cluster using MarsBar (Brett et 
al., 2002) for descriptive purposes. For each cluster, percent signal change is displayed for 
relevant conditions relative to the mean activation for that cluster (i.e., baseline). 
I also conducted region-of-interest (ROI) analyses for a priori areas of interest to examine 
EAB-related brain activation. I used anatomically defined ROIs for the left and right amygdala, 
lateral orbitofrontal cortex (OFC) and inferior frontal gyrus (pars triangularis) taken from the 
WFU PickAtlas. Regions of interest for the goal directed/dorsal attention network were defined 
using MarsBar (Brett et al., 2002) with 6mm spheres centered on each of the following MNI 
coordinates from (Vincent et al., 2008): left/right frontal eye fields, FEF: -25, -8, 50 / 27, -8, 50; 
left/right intraparietal sulcus-superior parietal lobule, SPL: -27, -52, 57 / 24, -56, 55). Percent 
signal change was extracted for each participant and stimulus type at lag 2 (negative2hit, 
negative2miss, positive2hit, positive2miss, neutral2hit, neutral2miss), using MarsBar. Percent 
signal change values for each ROI were entered into separate repeated measures ANOVAs with 
distractor emotion (negative2, positive2, neutral2) and accuracy (hit, miss) as within-subjects 
variables. I used paired t-tests to test for significant differences in percent signal change between 
conditions following significant omnibus tests. Analyses were carried out in SPSS.  
Finally, I performed correlational analyses to examine whether individual differences in 
percent signal change in the regions identified in the EAB contrast [(negative2miss vs. 
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negative2hit) vs. (neutral2miss vs. neutral2hit)] predicted behavioral EAB magnitude. In order to 
avoid a non-independent analysis (Kriegeskorte et al., 2010), I used anatomically defined ROIs 
analogous to regions identified in the EAB contrast. The amygdala ROIs were taken from the 
WFU PickAtlas; bed nucleus of the stria terminalis (BNST) ROIs were defined using a recently 
published structural map (Avery et al., 2014); finally, the left IPL ROI was taken from the 
Juelich histological atlas of area PF (Caspers et al., 2008). Percent signal change for the contrast 
negative vs. neutral at lag 2 was extracted for each participant and averaged across runs using 
MarsBar. Behavioral EAB magnitude was calculated as mean accuracy at lag 2 in the neutral 
condition minus mean accuracy at lag 2 in the negative condition. R was used to create 
scatterplots and to compute Pearson correlations between the percent signal change for the 
contrast negative vs. neutral at lag 2 and the EAB magnitude at lag 2. 
Results 
Behavioral data 
To examine whether emotional distractors differentially captured attention, I conducted a 
repeated measures ANOVA on accuracy scores with Distractor Type (negative, positive, neutral) 
and Lag (2, 8) as within-subjects factors (Table 1). I observed significant main effects of 
Distractor Type (F(2,34)=15.08, p<0.001, partial η2=0.47) and Lag (F(1,17)=61.35, p<0.001, 
partial η2=0.78) and a significant Distractor Type X Lag interaction (F(2,34)=12.36, p<0.001, 
partial η2=0.42, Figure 4). Follow-up t-tests showed that target detection accuracy was lower 
following negative (t(17)=6.48, p<0.001), and positive (t(17)=2.93, p=0.009) distractors 
compared to neutral distractors at lag 2. Additionally, negative distractors significantly impair 
target detection at lag 2 relative to positive distractors (t(17)=4.74, p<0.001). 
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The robust emotional attentional blink I observed for negative distractors at lag 2 
dissipated by lag 8, as expected. Target detection accuracy was not significantly different for 
negative and neutral distractors at lag 8 (t(17)=0.39, p=0.70). Notably, I found a significant trend 
of improved target detection following positive distractors relative to neutral distractors at lag 8 
(t(17)=-2.10, p=0.051).  
FMRI data 
 Whole brain analysis. I first examined which brain regions were differentially activated 
during processing of emotional relative to neutral distractors, regardless of attentional capture. 
Negative distractors activated a network of lateral brain regions including bilateral inferior 
parietal lobule (IPL), bilateral middle frontal gyrus (MFG) and bilateral inferior frontal gyrus 
(IFG) in addition to the right dorsomedial prefrontal cortex (DMPFC) and left precuneus (Figure 
5A, Table 2). A cluster in the left amygdala was also more active in response to negative than 
neutral distractors (Figure 5B). An examination of percent signal change extracted from the 
amygdala, IPL, DMPFC, MFG, precuneus and left IFG showed that each of these regions was 
deactivated relative to baseline (mean activity for each ROI). The increased BOLD response to 
negative distractors in the amygdala, IPL, DMPFC, MFG, precuneus and left IFG thus reflected 
decreased deactivation relative to the response to neutral distractors (Figure 6). The right IFG 
alone showed a positive BOLD response to negative distractors relative to both neutral 
distractors and baseline. The DMPFC and left IPL both had greater BOLD response to negative 
relative to neutral distractors at lag 2 (Figure 7, Table ).  
 In contrast to negative distractor processing, only the IPL and amygdala were more active 
in response to positive relative to neutral distractors (Figure 8, Table 4). Once again, these 
responses reflected decreased deactivation for positive compared to neutral distractors (Figure 9). 
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When I examined the response at lag 2, I observed greater activation to positive relative to 
neutral distractors in the bilateral IPL and MFG and the DMPFC (Figure 10, Table 5).  
 A similar network of brain regions was recruited when negative emotional distractors 
captured attention relative to neutral distractors that captured attention (negative miss vs. neutral 
miss). Bilateral activation was observed in the amygdala, IPL and MFG as well as in the 
DMPFC, left precuneus/posterior cingulate cortex (PCC) and left IFG (Figures 11 and 12, Table 
6). When limited to lag 2, the amygdala, left IPL, DMPFC and precuneus/PCC remained more 
active when negative distractors captured attention (Figure 13, Table 7). When positive 
distractors captured attention, significant activation was observed in the bilateral amygdala and 
left IPL (positive miss vs. neutral miss; Figures 14 and 15, Table 8). This activation was also 
present in the left IPL and the right amygdala when analyses were limited to lag 2, but the left 
amygdala failed to reach statistical significance in this contrast (Figure 16, Table 9). 
 Interaction contrasts were used to identify regions that exhibited differential activation as 
a function of distractor emotion and attentional capture. For the contrast [(negative miss vs. 
negative hit) vs. (neutral miss vs. neutral hit)], significant clusters emerged in the bilateral 
amygdala, bilateral MFG, left IPL, DMPFC (Figure 17, Table 10). In each of these ROIs, 
activation was greatest for negative miss trials, followed by hit trials in which negative or neutral 
distractors appeared, with the lowest activation for neutral miss trials (Figure 18). An additional 
cluster in the BNST also showed a significant interaction between negative distractor processing 
and attentional capture. However, the timecourse for this region indicated that activation was 
greatest in the neutral hit condition. The amygdala, BNST and left IPL remained significant 
when I examined the interaction at lag 2 (Figure 19, Table 11). No significant activation was 
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found for the interaction contrast for positive distractors [(positive miss vs. positive hit) vs. 
(neutral miss vs. neutral hit)]. 
 ROI analysis. To further examine the involvement of the amygdala, OFC and 
VLPFC/IFG and the goal directed/dorsal attention network in the emotional capture of attention, 
I conducted separate repeated measures ANOVAs on percent signal change in the lag 2 
conditions extracted from anatomically defined ROIs. Distractor Emotion (negative2, positive2, 
neutral2) and Accuracy (hit, miss) were entered as within-subjects factors. I observed a 
significant Distractor Emotion by Accuracy interaction in the left (F(2, 34)=3.66, p=0.04) and 
right (F(2, 34)=4.37, p=0.02) amygdalae (Table 12, Figure 20). No other regions exhibited 
significant effects at pcorrected<0.05. However, there were trends toward significance (p<0.1) that 
complement the findings observed in my whole brain analyses detailed above. The right OFC 
exhibited a trend for a main effect of Accuracy (F(1, 17)=3.45, p=0.08); the left IFG showed a 
trend for a main effect of Distractor Emotion (F(2, 34)=2.99, p=0.06); finally, the left IPS/SPL 
displayed a trend for an interaction of Distractor Emotion and Accuracy (F(1.39, 23.68)=3.46, 
p=0.06). 
 Individual difference analyses. I examined whether individual differences in percent 
signal change at lag 2 predicted EAB magnitude. There were no significant associations between 
percent signal change and EAB magnitude in any of the ROIs examined (Figure 21).    
Discussion 
 In this study, I sought to examine the brain regions associated with emotional capture of 
attention as indexed by the EAB. I originally hypothesized that emotional capture of attention 
would stem from interactions between the OFC, VLPFC and stimulus driven ventral attentional 
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network rather than amygdala-visuocortical coupling. Instead, my results support a hybrid of 
these proposed circuits. 
 My behavioral findings replicate previous investigations of the EAB showing that 
negative and positive distractors robustly capture attention relative to neutral stimuli (Ciesielski 
et al., 2010; Most et al., 2005; Most et al., 2007; Olatunji et al., 2011a; Olatunji et al., 2011b; 
Piech et al., 2011; Smith et al., 2006). I also replicated the finding that T2 detection is modestly, 
but significantly improved following positive distractors at lag 8 (Piech et al., 2009). It is unclear 
whether this emotional “hypervision” results from a prolonged effect from the same mechanism 
underlying emotional capture of attention at lag 2 (Bocanegra and Zeelenberg, 2009) or a distinct 
system that has a lengthier time course of initiation (Ciesielski et al., 2010). 
 I found an increased amygdala response to both negative and positive distractors relative 
to neutral distractors. Although the amygdala is perhaps most often associated with response to 
negatively valenced cues, a growing body of literature implicates it as an important center for 
processing positive and reward related stimuli (Costafreda et al., 2008; Murray, 2007; Zald, 
2003). The finding that negative distractor processing during an RSVP target detection task 
engages the amygdala replicates and extends the lone previous study of the neural basis of the 
EAB (Most et al., 2006). To my knowledge, these results are the first demonstration that the 
amygdala is engaged when positive distractors impair target awareness. Most previous 
investigations of the neural basis of the emotional modulation of attention used fear relevant (De 
Martino et al., 2009), aversively conditioned (Lim et al., 2009) or arousing/taboo stimuli 
(Anderson and Phelps, 2001; Schwabe et al., 2010). 
 A network of regions including the amygdala, inferior parietal lobule, dorsomedial PFC  
and MFG exhibited an activation profile consistent with emotional capture of attention when the 
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distractor conditions were collapsed across lags [(negative miss vs. negative hit) - (neutral miss 
vs. neutral hit)]. When I limited the analysis to lag 2 only [(negative2miss vs. negative2hit) - 
(neutral2miss vs. neutral2hit)], i.e., the true EAB window, the left IPL and amygdala remained 
significant. This distinction suggests that perhaps the DMPFC and MFG play a more general role 
in processing negative distractors. Notably, the IPL, dorsomedial PFC and MFG regions are 
closely aligned with a recently identified frontoparietal control network thought to flexibly 
control internally vs. externally driven attention (Seeley et al., 2007; Vincent et al., 2008). 
Indeed, the dorsomedial PFC and inferior parietal regions have also been shown to have strong 
functional connectivity with the amygdala in a recent meta-analysis (Robinson et al., 2009). This 
suggests the possibility that rather than reorienting attention through the ventral stimulus-driven 
attentional network, emotional distractors attract attention by modulating this attentional control 
system. This hypothesis is supported by the differences between the EAB and SiB phenomena. 
As discussed in Chapter 1, the ventral stimulus-driven attentional network habituates rapidly to 
task-irrelevant cues (Asplund et al., 2010; Corbetta et al., 2008; Indovina and Macaluso, 2007). 
This habituation stands in contrast to the prolonged EAB, which typically persists for dozens to 
hundreds of trials (Ciesielski et al., 2010; Most et al., 2005). In the next chapter, I consider the 
precise relationship between the network implicated here in the emotional capture of attention 
and attentional networks defined using resting state FMRI. 
 In addition to the amygdala, inferior parietal lobule, dorsomedial PFC and MFG, I 
observed significant activation for the interaction contrasts (both collapsed across lag and at lag 2 
alone) in a region in or around the bed nucleus of the stria terminalis (Figure 22). The BNST is a 
region with strong connections to the amygdala thought to be critically involved in mediating 
behavioral and autonomic responses in conditions of uncertain threat and anxiety (Davis et al., 
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2010). Much of what is known about the BNST comes from rodent studies, as this area can be 
difficult to image because of its small volume and adjacency to the lateral ventricles, which can 
contribute to partial volume effects. However, recent work has begun to examine the structure 
and function of the BNST in humans (Avery et al., 2014; Somerville et al., 2010). Negative 
distractors during the EAB task could be considered as uncertain aversive cues. Negative 
distractors are presented on only 50% of trials and are presented much less frequently than the 
neutral scenes that constitute the majority of stimuli presented during the task. BNST activation 
during the EAB would thus be consistent with its role in responding to unpredictable threats. A 
caveat to this interpretation is that the examination of the timecourse of activation for the BNST 
revealed that activity was highest in the neutral hit condition. Future work should examine the 
nature of this region’s function in tasks such as the EAB. 
 The current finding that amygdala activation is associated with emotional capture of 
attention appears to conflict with our previous study showing that patients with unilateral 
amygdala lesions displayed EABs comparable to healthy adults (Piech et al. 2010). There are 
several possible explanations for this apparent contradiction. First, it is possible that bilateral 
amygdala damage is necessary to completely abolish the EAB. With the emotional standard AB, 
there are conflicting findings regarding the necessity of the amygdala for emotional facilitation 
of attention. Bach and colleagues (2011) failed to replicate the oft-cited finding that amygdala 
lesions attenuate facilitated detection of emotional targets when attentional resources are limited 
during the AB (Anderson and Phelps, 2001). Bach et al. proposed that discrepancies between the 
two studies could be resolved by considering the importance of lesion type and onset. The 
patients studied by Bach et al. had Urbach-Wiethe disease, a congenital disorder that results in a 
relatively complete bilateral amygdala lesion with an early-life onset whereas Anderson and 
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Phelps studied a patient who acquired non-selective bilateral amygdala lesions as a result of 
surgical resection to treat intractable epilepsy in adulthood. These discrepancies raise the 
possibility that in the absence of a functional amygdala during development, other structures take 
on the role of the amygdala in modulating attention to emotional events.  
 A provocative alternative explanation for the amygdala activation observed here is that it 
reflects an epiphenomenon rather than a necessary component of emotional capture of attention. 
However, my observation that individual differences in amygdala percent signal change on trials 
in which negative distractors capture attention predicts task accuracy argues against this 
possibility. A second alternative explanation is that the amygdala response could result from the 
influence of opposing processes. Correct detection of a target during the RSVP task indicates 
successful implementation of attentional or cognitive control (Hampshire et al., 2008, 2009). 
Decreased amygdala activity during cognitively demanding conditions is a commonly observed 
phenomenon during FMRI studies (Pessoa et al., 2002). When this point is considered in light of 
the previously discussed literature showing that amygdala activation increases in response to 
emotionally valenced stimuli, it suggests the possibility that the pattern of amygdala activation 
observed during emotional capture of attention results instead from independent contributions of 
cognitive control related deactivation and emotional responsivity. 
 Given that my results suggest the amygdala is involved in emotional capture of attention 
in healthy individuals, imaging of the EAB in patients with unilateral amygdala damage and/or 
behavioral testing in patients with bilateral lesions from Urbach-Wiethe disease would be useful 
in adjudicating whether the amygdala does indeed play a necessary role in emotional capture of 
attention or whether other structures (such as the IPL, DMPFC and MFG) serve a redundant 
function that is revealed following amygdala damage. 
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 Contrary to my original hypothesis, I found no evidence using whole-brain or ROI 
analyses that the OFC participates in capture of attention for task-irrelevant emotional stimuli. 
My region of interest analysis indicated that activation of the OFC was different from baseline 
during distractor processing (Figure 20), but was not modulated by distractor emotion or 
attentional capture. One previous investigation into emotional modulation of the standard (2 
target) attentional blink found increased OFC activation when emotional T1s impaired detection 
of T2 (Schwabe et al., 2010). My paradigm differs from that used by Schwabe et al. in that 
emotional distractors were always task-irrelevant in the current paradigm and, perhaps critically, 
in the stimulus types used (words vs. images).  It has been proposed that the OFC plays a critical 
role in facilitation of object recognition via connections with ventral temporal visual regions 
(Bar, 2003; Fenske et al., 2006). In the EAB paradigm, a stream of visually similar scenes is 
presented rapidly. It is possible that in this perceptually demanding context, the OFC is engaged 
primarily in service to improving scene recognition rather than discriminating emotional from 
non-emotional content. This proposal is consistent with findings from imaging of response to 
irrelevant distractors during the surprise-induced blindness paradigm. Asplund et al. (2010) 
found that the OFC exhibited a persistent response to surprise distractors that was unrelated to 
whether the distractors captured attention.  
 I proposed that the ventrolateral PFC might relay information concerning salient 
emotional distractors from limbic structures to the stimulus driven attentional network during the 
EAB. The VLPFC has been hypothesized to play a key role in both stimulus-driven reorienting 
of attention (Corbetta et al., 2008) and detecting behaviorally relevant target stimuli (Hampshire 
et al., 2007; Hampshire et al., 2008, 2009). I found that the VLPFC is strongly modulated by 
emotion but not attentional capture or target detection (Figures 5, 6). A close inspection of the 
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particular region of the VLPFC described as important in target detection by Hampshire and 
colleagues reveals a spatially distinct component of the VLPFC much closer to the anterior 
insula than the lateral pars triangularis subregion of the IFG found in my results (Figure 5). My 
finding is consistent with past results of oddball tasks in which VLPFC activation was found to 
be elicited by emotional stimuli (Yamasaki et al., 2002; Strange et al., 2000) irrespective of task 
relevance (Fichtenholtz et al., 2004).  
 There are two primary limitations to the present work related to low statistical power and 
experimental design. Rapid event-related designs such as the one used in this study are typically 
more efficient and have fewer unintended cognitive effects, such as habituation or boredom, 
compared to slow event-related designs (Serences, 2004). However, for a fast event-related 
design, there would ideally have been many more trials per condition of interest than exists in the 
current design (Dale, 1999). Furthermore, the current design precludes measurement of the 
response to emotional distractors in the absence of a target stimulus. It would be helpful for 
interpretational purposes to confirm that the effects I observed to the emotional distractors during 
the EAB were specific to the attentional effects of the distractors, rather than a response to 
emotion per se. There were a few such trials included in the current design as “catch” trials to 
ensure that participants were doing the task properly. Future experiments intended to replicate or 
extend the current findings should include a larger number of no-target trials with critical 
distractors as a baseline condition. Finally, due to the nature of the task, there were an unequal 
number of hit and miss trials across distractor types (e.g., more negative miss trials compared to 
neutral miss trials). One approach to equating the number of hit and miss trials across distractor 
types is to shorten the stimulus presentation time from 100ms and to dynamically adjust the 
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distractor – target lag. Pilot work done by our group suggests that this approach can substantially 
increase the difficulty of the task.  
 In summary, I used event-related FMRI to examine what brain areas are activated during 
the EAB. I showed that emotional capture of attention, as indexed by the EAB, is associated with 
activation of a network of regions including the amygdala, TPJ, DMPFC and MFG. Given that 
the EAB can be used to measure altered sensitivity to disorder-relevant stimuli in anxiety 
disorders (Olatunji et al., 2011a; Olatunji et al., 2013; Olatunji et al., 2011b), our results suggest 
that better understanding of this network may be useful in determining the pathophysiology of 
anxiety disorders. 
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Tables 
Table 1. Means and standard deviations of proportion correct scores by distractor type and lag. 
Lag 
Distractor Type 
Negative Positive Neutral 
2 0.48 (0.14) 0.60 (0.17) 0.70 (0.12) 
8 0.78 (0.16) 0.85 (0.13) 0.79 (0.16) 
 
Table 2. Significant activation for Negative vs. Neutral contrast. 
Cluster Peak voxel 
Region Size p value t statistic x y z 
IPL (L) 1320 < 0.001 6.2 -56  -60 26 
IPL (R) 302 0.006 4.48  60  -54 30 
DMPFC 789 < 0.001 6.1   8  34 54 
MFG (L) 212 0.022 4.99 -34  22 48 
MFG (R) 345 0.003 5.82  32  12 42 
IFG (L) 289 0.006 4.34 -40  30 10 
IFG (R) 163 0.049 4.05  50  32 18 
Precuneus (L) 198 0.026 3.83  -6 -56 44 
Amygdala (L)* 77 0.008 2.7 -26 -4 -16 
*Small volume corrected. 
 
Table 3. Significant activation for Negative2 vs. Neutral2 contrast. 
Cluster Peak voxel 
Region Size p value t statistic x y z 
IPL (L) 1066 <0.001 6.90 -56 -60 28 
DMPFC (R) 504 <0.001 4.61 -6 54 34 
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Table 4. Significant whole-brain activation Positive-Neutral contrast. 
Cluster Peak voxel 
Region Size p value t statistic x y z 
IPL (R) 402 0.012 4.83 54 -48 24 
IPL (L) 366 0.012 4.41 -52 -48 38 
Amygdala (R) 19 0.002 3.28 20 -2 -12 
Amygdala (L) 17 0.003 3.11 -30 -6 -14 
*Small volume corrected. 
 
Table 5. Significant activation for Positive2 vs. Neutral2 contrast. 
Cluster Peak voxel 
Region Size p value t statistic x y z 
IPL (L) 1145 <0.001 5.41 -46 -50 36 
IPL (R) 225 0.015 4.24 46 -56 48 
IPL/Lateral Occipital Cortex (R) 346 0.002 4.99 48 -64 14 
DMPFC (R) 582 <0.001 4.41 8 48 46 
MFG (L) 277 0.006 5.12 -26 24 44 
MFG (R) 412 0.001 4.87 36 14 34 
 
 
Table 6. Significant whole-brain activation NegativeMiss-NeutralMiss contrast. 
Cluster Peak voxel 
Region Size p value t statistic X y z 
MFG (L) 359 0.001 6.96 -32  30 44 
MFG (R) 533 <0.001 5.45  30  20 46 
IPL (L) 1243 <0.001 6.09 -56  -58 28 
IPL (R) 415 0.001 4.48  60  -56 22 
DMPFC (R) 993 <0.001 4.85   6 40 52 
Precuneus /Posterior cingulate (L) 271 0.005 4.63  -6  -38 38 
Inferior frontal gyrus (L) 233 0.01 4.23 -54  20 20 
Amygdala (L)* 146 0.001 3.48 -28 -4 -16 
Amygdala (R)* 52 0.01 2.55 20 -2 -12 
*Small volume corrected. 
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Table 7. Significant activation for Negative2Miss vs. Neutral2Miss contrast. 
Cluster Peak voxel 
Region Size p value t statistic x y z 
IPL (L) 1148 <0.001 6.11 -48 -54 20 
DMPFC (R) 406 0.001 5.22 -8 58 28 
Precuneus /Posterior cingulate (L) 253 0.009 3.92 -14 -52 38 
Amygdala (L) 65 0.001 3.48 -26 -2 -16 
Amygdala (R) 21 0.01 2.58 22 -2 -18 
*Small volume corrected. 
 
 
Table 8. Significant whole-brain activation PositiveMiss-NeutralMiss contrast. 
Cluster Peak voxel 
Region Size p value t statistic x y z 
Supramarginal gyrus (L) 287 0.019 4.54 -60 -54 28 
Amygdala (L)* 19 0.037 2.64 -30 -6 -14 
Amygdala (R)* 17 0.005 2.86 20 -2 -12 
*Small volume corrected. 
 
 
Table 9. Significant activation for Positive2Miss vs. Neutral2Miss contrast. 
Cluster Peak voxel 
Region Size p value t statistic x y z 
IPL (L) 422 0.001 4.48 -46 -50 -36 
Amygdala (R) 13 0.025 2.10 26 0 -18 
*Small volume corrected. 
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Table 10. Significant whole-brain activation Negative (Miss-Hit) vs. Neutral (Miss-Hit) contrast. 
Cluster Peak voxel 
Region Size p value t statistic x y z 
MFG (R) 290 0.003 6.36 32  26 44 
MFG (L) 361 0.002 6.06 -20  14 40 
DMPFC (L) 328 0.002 5.52  -8  40 30 
IPL (L) 570 <0.001 4.86 -54  -46 36 
BNST (L/R) 341 0.002 4.16  14  8 8 
Amygdala (L)* 155 <0.001 4.25 -22 -2 -20 
Amygdala (R)* 59 0.004 3.02 22 -4 -18 
 
*Small volume corrected. 
 
 
Table 11. Significant activation for Negative2(Miss-Hit)  vs. Neutral2(Miss-Hit) contrast. 
Cluster Peak voxel 
Region Size p value t statistic x y z 
IPL (L) 278 0.011 4.83 -54 -48 36 
BNST (R) 193 0.041 4.55 14 8 8 
Amygdala (L) 99 <0.001 4.22 26 0 -18 
Amygdala (R) 112 0.001 3.58 -24 -4 -18 
*Small volume corrected. 
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Table 12. Results of repeated measures ANOVA on percent signal change from lag 2 conditions 
in a priori regions of interest. 
Region Effect p value F statistic df 
Amygdala 
(L)     
 Distractor Emotion 0.95 0.05 2, 34 
 Accuracy 0.68 0.18 1, 17 
 Distractor Emotion X 
Accuracy 0.04 3.66 2, 34 
Amygdala 
(R)     
 Distractor Emotion 0.28 1.32 2, 34 
 Accuracy 0.40 0.74 1, 17 
 Distractor Emotion X 
Accuracy 0.02 4.37 2, 34 
OFC (L)     
 Distractor Emotion 0.34 1.12 2, 34 
 Accuracy 0.36 0.88 1, 17 
 Distractor Emotion X 
Accuracy 0.41 0.84 1.49, 25.34
a
 
OFC (R)     
 Distractor Emotion 0.20 1.68 2, 34 
 Accuracy 0.08 3.45 1, 17 
 Distractor Emotion X 
Accuracy 0.77 0.26 2, 34 
IFG (L)     
 Distractor Emotion 0.06 2.99 2, 34 
 Accuracy 0.96 0.00 1, 17 
 Distractor Emotion X 
Accuracy 0.34 1.06 1.52, 25.80
a
 
IFG (R)     
 Distractor Emotion 0.12 2.31 2, 34 
 Accuracy 0.47 0.56 1, 17 
 Distractor Emotion X 
Accuracy 0.27 1.38 2, 34 
FEF (L)     
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Region Effect p value F statistic df 
 Distractor Emotion 0.57 0.57 2, 34 
 Accuracy 0.44 0.63 1, 17 
 Distractor Emotion X 
Accuracy 0.54 0.62 2, 34 
FEF (R)     
 Distractor Emotion 0.79 0.23 2, 34 
 Accuracy 0.34 0.98 1, 17 
 Distractor Emotion X 
Accuracy 0.88 0.12 2, 34 
IPS/SPL 
(L)     
 Distractor Emotion 0.53 0.64 2, 34 
 Accuracy 0.81 0.06 1, 17 
 Distractor Emotion X 
Accuracy 0.06 3.46 1.39, 23.68
a
 
IPS/SPL 
(R)     
 Distractor Emotion 0.43 0.88 2, 34 
 Accuracy 0.61 0.27 1, 17 
 Distractor Emotion X 
Accuracy 0.16 1.95 2, 34 
a
Greenhouse-Geisser adjusted degrees of freedom to correct for sphericity violation. 
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Figures 
 
 
 
Figure 1. Possible pathways of emotional influences on attention. 
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Figure 2. Areas of co-activation with orbitofrontal subregions  
Blue = regions that co-activate with lateral OFC; Red = regions that co-activate with medial 
OFC; Green = areas of overlapping lateral and medial OFC co-activation (from Zald et al., 
2014). 
 
65 
 
Figure 3. Schematic of an EAB trial with examples of each stimulus type. 
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Figure 4. Proportion correct on the EAB task by distractor type and lag.  
Error bars indicate standard error of the mean. 
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Figure 5. Brain response to negative distractors relative to neutral distractors 
with (A) whole brain and (B) amygdala analyses. 
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Figure 6. Timecourse of percent signal change from ROIs identified in contrast of negative vs. 
neutral distractors.  
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Figure 7. Brain regions exhibiting a greater response to negative distractors relative to neutral 
distractors at lag 2 (A) with associated timecourses (B). 
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Figure 8. Brain regions exhibiting greater response to positive relative to neutral distractors with 
(A) whole brain and (B) amygdala analyses. 
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Figure 9. Timecourse of percent signal change from ROIs identified with contrast of positive 
relative to neutral distractors. 
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Figure 10. Brain regions exhibiting a greater response to positive relative to neutral distractors at 
lag 2 (A) with associated timecourses (B). 
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Figure 11. Brain response to negative miss trials relative to neutral miss trials with (A) whole 
brain and (B) amygdala analyses. 
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Figure 12. Timecourse of percent signal change from ROIs functionally defined from contrast for 
negative miss relative to neutral miss conditions. 
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Figure 13. Brain regions exhibiting a greater response to negative miss relative to neutral miss 
conditions at lag 2 (A) with associated timecourses (B). 
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Figure 14. Brain response to positive miss relative to neutral miss trials with (A) whole brain and 
(B) amygdala analyses. 
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Figure 15. Timecourse of percent signal change from ROIs functionally defined from contrast 
positive miss distractor trials relative to neutral miss distractor trials. 
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Figure 16. Brain regions exhibiting a greater response to positive miss relative to neutral miss 
conditions at lag 2 (A) with associated timecourses (B). 
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Figure 17. Brain response to interaction contrast negative (miss - hit) trials relative to neutral 
(miss - hit) trials with (A) whole brain and (B) amygdala analyses. 
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Figure 18. Timecourse of percent signal change from ROIs functionally defined from interaction 
contrast negative (miss - hit) trials relative to neutral (miss - hit) trials. 
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Figure 19. Brain regions exhibiting a greater response to interaction contrast negative (miss - hit) 
relative to neutral (miss - hit) at lag 2 (A) with associated timecourses (B). 
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Figure 20. Percent signal change from anatomically defined ROIs by distractor emotion and 
accuracy. 
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Figure 21. Individual differences in percent signal change and EAB behavioral performance. 
Activity for the contrast negative2 relative to neutral2 is unrelated to EAB magnitude. 
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Figure 22. BNST cluster identified in the contrast negative (miss - hit) relative to neutral (miss - 
hit) at lag 2 (yellow/orange) overlaid with the right BNST mask by Avery et al. 2014 (blue).  
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CHAPTER 3 
 
DETECTION OF EMOTIONAL SALIENCE AND INTRINSIC BRAIN NETWORKS 
 
Introduction 
 Multiple coherent functional brain networks have been identified with imaging of 
spontaneous and task-related activity in humans. In particular, resting state FMRI has been used 
to examine low frequency (<0.1 Hz) signals in the Blood Oxygen Level Dependent (BOLD) 
signal in the absence of external stimulation (Biswal et al., 1995), revealing correlated networks 
that are consistent across time and subjects (Damoiseaux et al., 2006) and that recapitulate task-
based activation (Smith et al., 2009). Resting state FMRI can be used to identify 3 distributed 
neural systems of interest defined by correlated spontaneous activity: the default mode network 
(DMN), dorsal attention network (DAN) and frontoparietal control network (FPCN) (Fox and 
Raichle, 2007; Spreng et al., 2013; Vincent et al., 2008; Yeo et al., 2011). While both task and 
resting state analyses have identified multiple other correlated networks (Smith et al., 2009; Yeo 
et al., 2011), I chose to focus on these 3 because they have been characterized by their roles in 
internally- or externally-oriented attention or the control thereof, respectively (Vincent et al., 
2008). While considerable work has gone into understanding the influence of emotions on the 
DAN (Armony and Dolan, 2002; Blair et al., 2007; Dolcos and McCarthy, 2006; Mohanty et al., 
2009; Pessoa, 2009; Pourtois et al., 2006), less research has been done to examine how emotion 
affects the DMN and FPCN as networks, but see (Lindquist and Barrett, 2012; Oosterwijk et al., 
2012).  
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 Chapter 2 examined the brain regions engaged during emotional capture of attention - i.e., 
the emotional attentional blink (EAB). The cortical areas identified during the EAB included the 
inferior parietal lobe (IPL), dorsomedial prefrontal cortex (DMPFC), and middle frontal gyrus 
(MFG), regions that are consistently associated with emotional distraction during goal-directed 
behavior (Cromheeke and Mueller, 2013) and with the DMN or FPCN (Yeo et al., 2011). That 
emotional stimuli might capture attention through interactions with the DMN and FPCN has 
intuitive appeal. Emotional stimuli elicit subjective internal responses dissociable from their 
physical salience (Britton et al., 2006a; Britton et al., 2006b; Kensinger and Schacter, 2006; 
Lang and Davis, 2006; Sabatinelli et al., 2010; Schiller et al., 2008) and modulate activity in 
regions of the DMN (Kober et al., 2008; Simpson et al., 2000). In this chapter, I consider how 
the regions activated during emotional capture of attention relate to the DMN and FPCN.  
 The DMN consists of a set of areas including the posterior cingulate cortex (PCC), inferior 
parietal lobe (IPL), medial prefrontal cortex (MPFC) and medial temporal lobe (MTL) in which 
task-related deactivation and functional connectivity during rest is commonly observed (Greicius 
et al., 2003; Raichle et al., 2001; Shulman et al., 1997). In particular, activity within the DMN is 
decreased during tasks involving goal-directed attention and the DAN (McKiernan et al., 2003; 
Popa et al., 2009). Regions of the DMN are thought to be important for internally directed 
cognition, with dissociable subcomponents differentially involved in self-referential and 
affective processing (DMPFC subsystem: DMPFC, IPL, temporal pole and lateral temporal 
cortex) or memory, imagery and prospective thinking (medial temporal lobe/MTL subsystem: 
ventromedial PFC, posterior IPL, hippocampus and retrosplenial cortex) (Andrews-Hanna et al., 
2010; Buckner et al., 2008). Andrews-Hanna and colleagues (2010) used resting state functional 
connectivity and task-based FMRI to differentiate these subnetworks along with proposed “core” 
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regions of the DMN, the rostral MPFC (anterior to the genu of the corpus callosum) and the 
posterior cingulate cortex. Using hierarchical cluster analysis of resting state data, they observed 
greater within than between subsystem correlations among areas associated with the DMPFC and 
MTL subsystems. They also had participants perform a task that independently varied the degree 
of self-relevant processing and the imagined time frame (present vs. future) required for 
response. All regions of the DMN (core + DMPFC + MTL components) exhibited greater 
activity when participants were engaged in thinking about situations in a self-relevant manner 
compared to similar non-self control scenarios requiring semantic knowledge. Furthermore, 
within the self-relevant conditions, the DMPFC subsystem was more active during present-
oriented cognition whereas the MTL subsystem was primarily active when thinking about future 
scenarios. Notably, the DMN subnetwork hypothesized to be involved in affect and self-
referential processing includes the DMPFC and IPL, two of the regions responsive to emotional 
distractors during the EAB. 
 While the role of the ventromedial PFC in emotions has been well studied (Roy et al., 
2012), few studies thus far have directly examined the influence of emotion on activity within 
the DMPFC subnetwork of the DMN. DMPFC activity is increased when participants passively 
view or attend to their emotional response to a stimulus rather than attend to its physical features 
(Gusnard et al., 2001; Hutcherson et al., 2005; Taylor et al., 2003), during anticipation of an 
emotional stimulus (Bermpohl et al., 2006) and during intentional upregulation of emotion 
(Ochsner et al., 2004; Ochsner et al., 2009). Emotional salience also modulates the degree of 
task-induced deactivation observed in DMPFC and associated DMN regions (Pallesen et al., 
2009; Pessoa et al., 2002; Pitroda et al., 2008; Sreenivas et al., 2012; Vuilleumier et al., 2001). 
Finally, the DMPFC and other DMN areas possess anatomical connections to visceral and 
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emotional centers (Carmichael and Price, 1996) and exhibit consistent functional connectivity 
across tasks with the amygdala and orbitomedial prefrontal networks (Robinson et al., 2009; 
Zald et al., 2014).  
 The more recently identified FPCN is proposed to regulate switches and interactions 
between internally and externally directed cognition through the DMN and DAN (Vincent et al., 
2008), though its functions have yet to be fully elucidated. The FPCN is spatially positioned 
between the DAN and DMN and consists of the anterior prefrontal/frontopolar cortex, anterior 
IPL, dorsolateral PFC, anterior insula and a portion of the anterior cingulate cortex (Yeo et al., 
2011). Recent work has shown that the FPCN is active during both self-relevant and goal-
directed spatial tasks that recruit the DMN and DAN, respectively (Spreng et al., 2010; Spreng et 
al., 2013). Additionally, co-activation of the FPCN and DAN has been observed in association 
with improved performance during a working memory task (Gordon et al., 2012).  
 Detection and evaluation of emotional salience may recruit multiple distinct pathways 
(Pessoa and Adolphs, 2010). In particular, the DMN and FPCN may have previously 
unidentified roles in the context of emotion-attention interactions and the EAB. Emotional 
distractors presented during the RSVP stream of the EAB task likely trigger an evaluative 
process not engaged by the standard distractors. The set of regions engaged when an EAB 
occurs, including the amygdala and DMPFC, suggests that both stimulus-driven/bottom-up and 
cognitive/top-down evaluations are present when emotional distractors capture attention 
(Ochsner et al., 2009). In their initial characterization of the FPCN, Vincent and colleagues 
(2008) proposed that “the parietal region of both dorsal attention and frontoparietal control 
systems may transfer behaviorally relevant information during tasks requiring attention and 
discrimination”, (Vincent et al., 2008, p. 3338). In this chapter, I examine the hypothesis that 
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emotional distractors modulate activity in regions overlapping with the DMN independent of 
attentional capture and specifically engage regions of the FPCN during capture.  
 
Methods 
Participants 
Twenty-three neurologically and psychiatrically healthy adults (12 females, 11 males; 
mean age = 26.7, range = 19-42) participated in the experiment as part of the same study on 
attention and emotion in obsessive compulsive disorder described in chapter 2. Study 
participants were recruited using advertisements on an online research participant database 
(ResearchMatch.org). Three participants were excluded for motion (greater than 3mm or 2 
degrees) for a final sample of 20 individuals (11 females, 9 males; mean age = 26.6, range = 20-
42). Subjects completed a structured psychiatric interview (Spitzer et al., 1992) to rule out the 
presence of Axis I disorders. All participants provided written informed consent approved by the 
Vanderbilt University Institutional Review Board. 
Resting state FMRI acquisition 
Participants completed a resting state FMRI scan following the Emotional Attentional 
Blink task and two additional tasks not discussed here. During the resting state scan, participants 
were instructed to rest quietly with their eyes closed, but to not fall asleep. Structural and 
functional scans were acquired on a 3T Philips Achieva scanner (Philips Healthcare, Inc., Best, 
The Netherlands). High-resolution structural images were acquired with a 3D T1-weighted 
sequence (echo time (TE)=4.6ms; repetition time (TR)= 8.99ms; field of view (FOV)= 256mm
2
; 
number of slices=170; slice thickness=1mm; gap thickness=0). One hundred and fifty functional 
images were collected using a T2*-weighted EPI sequence (TE=28ms; TR=2000s; flip 
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angle=90°; FOV=240mm
2
; in-plane resolution=3mm
2
; slice thickness=3.25mm; gap 
thickness=0.35mm; number of slices=38). 
Resting state FMRI analysis 
 Resting state scans were preprocessed with SPM8 (http://www.fil.ion.ucl.ac.uk/spm) and 
analyzed with the CONN-FMRI toolbox (Whitfield-Gabrieli and Nieto-Castanon, 2012) for SPM 
and Matlab (Version 7.8.0, The MathWorks, Inc., Natick, MA). Structural images were first co-
registered to the SPM8 T1 template, then segmented into gray matter, white matter and 
cerebrospinal fluid and normalized to MNI space with SPM’s unified segmentation (Ashburner 
and Friston, 2005). Functional images were slice-time corrected and realigned to the first volume 
of the run. Functional data were co-registered to the native space T1 structural image and then 
normalized to MNI space using the parameters derived from the structural segmentation and 
normalization step. Normalized functional images were spatially smoothed using a 5mm FWHM 
kernel. Temporal confounds including the realignment parameters derived from motion 
correction, cerebrospinal fluid signal and white matter signal were then removed from the FMRI 
time series. Subject-specific cerebrospinal fluid and white matter BOLD signal regressors were 
generated from the time-series in each segmented tissue class (Whitfield-Gabrieli and Nieto-
Castanon, 2012). Finally, the resulting time-series was band-pass filtered (0.01<f<0.1 Hz).  
 Participant level seed-to-voxel connectivity maps for the Default Mode, Dorsal Attention 
and Frontoparietal Control Networks were calculated using the CONN toolbox. Seed regions of 
interest were defined using MarsBar (Brett et al., 2002) with 6mm spheres centered on each of 
the following MNI coordinates from (Vincent et al., 2008):  DMN (posterior cingulate cortex, 
PCC: 1, -55, 17); DAN (left/right middle temporal regions, MT: -48, -70, 0 / 50, -69, -3); FPCN 
(left/right anterior prefrontal cortex, APFC: -36, 57, 9 / 34, 52, 10). Connectivity maps were 
96 
generated by calculating the correlation between the mean timecourse of each seed region and 
each voxel in the brain. Participant level seed-to-voxel connectivity maps were entered into a 
second level general linear model to examine group level patterns of functional connectivity 
between networks. Group level maps of positive functional connectivity with each seed region 
were thresholded using topological FDR correction of q<0.05 in SPM8. Thresholded group 
functional connectivity maps of left and right MT and left and right APFC were averaged to 
create functional connectivity maps for the DAN and FPCN, respectively, used in all subsequent 
analyses. Images of above-threshold functional connectivity were created using MRIcron 
(Rorden et al., 2007). 
EAB analysis 
 Scanning parameters and analysis details can be found in Chapter 2. To examine the 
relationship between response to emotional distractors in general and when they elicit an EAB, I 
used the group level contrast images for the main effect Negative vs. Neutral and the interaction 
(NegativeMiss vs. NegativeHit) – (NeutralMiss vs. NeutralHit). Group level results were 
thresholded at q<0.05 as described in the previous chapter.  
Overlap analysis 
 Group level overlap. Spatial correlation (Pearson’s r) was used to examine the overall 
degree of overlap among the resting state networks (DAN, DMN, FPCN) and between EAB 
task-related activation and resting state networks. Spatial correlations were calculated using 
binary masks of all above-threshold voxels in each image of interest using AFNI’s 3ddot, version 
April 25, 2012 (Cox, 1996). This program provides a single value representing the overall spatial 
correlation between two images. Statistics and correlograms were done in R (2013); bar graphs 
were created in Microsoft Excel. 
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 In order to obtain more precise measures and statistical tests of the degree of overlap 
between EAB task-related activation and the DMN, DAN and FPCN resting state networks at the 
group level, I calculated two types of proportion metrics. In the primary analysis, I identified the 
proportion of EAB task-related activation belonging to the DMN, DAN or FPCN for each region 
of interest found to be significant at the group level in each of the EAB analyses (Equations 1-3).  
 
These proportions were calculated separately for each EAB contrast of interest [Negative vs. 
Neutral; (NegativeMiss vs. NegativeHit) – (NeutralMiss vs. NeutralHit)]. Using proportions of 
EAB task-related activation, I evaluated two hypotheses. First, for each task-related ROI, I used 
McNemar’s Chi-squared test to examine whether the proportion of voxels that overlapped with 
each resting state network differed from the proportion of voxels that overlapped with each other 
resting state network separately for each EAB contrast of interest. Second, for each region of 
interest that was present in both EAB contrasts (left IPL, left and right MFG and DMPFC), I 
examined whether the proportion of activation belonging to the DMN and FPCN changed 
significantly between the two EAB contrasts using Fisher’s exact test. For example, within the 
left IPL, did the proportion of activation belonging to the FPCN change from the Negative vs. 
Neutral contrast to the (NegativeMiss vs. NegativeHit) – (NeutralMiss vs. NeutralHit)? 
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 In a secondary analysis, to ensure that the proportion results were not biased by differences 
in ROI size (Asplund, 2010; Kung et al., 2007), I also calculated the average overlap between 
task-related activation and resting state networks as a function of the size of each EAB-related 
ROI and the corresponding ROI in each resting state network (Equations 4-6).  
 
In some cases, the group level thresholded maps of the resting state networks contained large 
ROIs with numerous sub-peaks. For example, in the DMN map, one cluster contained 14,170 
voxels with multiple subpeaks across several anatomical regions. In such cases, in order to 
calculate the average overlap of task-related activation with the appropriate region in the resting 
state network map, I limited the number of voxels in the large ROI as follows. For each task-
related ROI in tables 1 and 2, I created a corresponding anatomical area mask with the equivalent 
region from the Automated Anatomical Labeling (AAL) atlas from the Wake Forest University 
Pickatlas toolbox (Maldjian et al., 2003). The original AAL mask was then dilated by 1 voxel 
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and combined with any voxels from the task-related ROI not present in the AAL region using 
fslmaths (Jenkinson et al., 2012). This was done in order to ensure that any above threshold 
voxels in the resting state map region analogous to the area activated during the EAB task were 
included for analysis. I then created a final resting state ROI by masking the group level resting 
state seed-to-voxel connectivity map with the modified AAL anatomical mask. For example, the 
DMN map included voxels in a region similar to the left IFG/VLPFC cluster from the EAB 
Negative-Neutral contrast. However, these IFG voxels in the DMN map were part of a larger 
14,170 voxel cluster. I first determined that the left IFG cluster from the EAB contrast image was 
contained within the AAL regions for the inferior frontal gyrus, pars triangularis and pars 
orbitalis. These two left IFG masks from the AAL atlas were combined with any additional 
voxels from the EAB left IFG cluster into a single IFG mask that was then dilated by 1 voxel. 
The mask was applied to the thresholded group level DMN map to obtain an estimate of the 
number of voxels within the IFG that showed significant functional connectivity with the DMN. 
The number of voxels obtained from this estimate would then be entered as the denominator 
“#Voxels in DMN” as part of equation 4. 
 Individual level overlap. In addition to the overlap analyses performed on the group level 
EAB and resting state network maps, I carried out voxelwise group correlation analyses using 
individual subject level data with the WFU Biological Parametric Mapping toolbox (Casanova et 
al., 2007). Four separate correlation analyses were conducted with the EAB contrast maps and 
resting state network maps: 1) Negative-Neutral X DMN; 2) Negative-Neutral X FPCN; 3) 
[(NegativeMiss vs. NegativeHit) – (NeutralMiss vs. NeutralHit)] X DMN; 4) [(NegativeMiss vs. 
NegativeHit) – (NeutralMiss vs. NeutralHit)] X FPCN. Correlation analyses were limited to the 
DMN and FPCN because our group level overlap analyses indicated that these were the networks 
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most related to the EAB. For each of the individual level correlation analyses, voxelwise 
correlations were carried out between the first level contrast maps from the EAB task and the 
first level seed-to-voxel functional connectivity map from the resting state analyses. Group level 
maps were thresholded with voxelwise puncorrected<0.05 and a minimum cluster size of 10 voxels, 
corresponding to a minimum voxelwise correlation of r>0.58. In order to maximize the ability to 
detect overlap between EAB contrast maps of interest and resting state network maps, I used data 
from the 10 individuals showing the greatest EAB magnitude based on a median split of the 
behavioral data. The median EAB magnitude [accuracy(neutral, lag 2) – accuracy(negative, lag 
2)] was 18.75%.  
Results 
 Seed-to-voxel functional connectivity analyses identified the DAN, DMN and FPCN, 
consistent with prior studies, Figure 1 (Spreng et al., 2010; Vincent et al., 2008). The MT seed 
region for the DAN showed positive functional connectivity with bilateral FEF, IPS/superior 
parietal lobule, bilateral pre- and post-central gyri, extensive regions of posterior visual areas 
(including bilateral lateral occipital cortex, occipital pole, lingual gyri and fusiform gyri), dorsal 
anterior cingulate cortex, bilateral posterior insula, bilateral inferior and middle frontal gyri, right 
amygdala, bilateral lateral orbitofrontal cortex and bilateral temporal pole (Figure 1A). The 
regions showing positive functional connectivity with the PCC seed region for the DMN 
included the precuneus, bilateral medial temporal lobe (including hippocampus and 
parahippocampal gyrus), medial PFC (including, VMPFC, DMPFC, and rostromedial PFC), 
bilateral middle and superior frontal gyri, bilateral middle temporal gyri, bilateral IPL, 
cerebellum, bilateral post-central gyri, bilateral planum temporale and bilateral lateral 
orbitofrontal cortex (Figure 1B). The anterior prefrontal cortex seed region for the FPCN had 
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positive functional connectivity with the precuneus, medial superior frontal gyrus/paracingulate 
gyrus, bilateral IPL, cerebellum, bilateral anterior insula, bilateral middle frontal gyri, and 
bilateral striatum (including caudate, putamen and globus pallidus; Figure 1C). Although there 
was some overlap between the DAN, DMN and FPCN maps, each network was largely spatially 
segregated as demonstrated by low spatial correlations between the networks (DAN-DMN 
r=0.03; DAN-FPCN r=0.03; DMN-FPCN r=0.07). 
 In order to examine the overlap between the regions activated by negative distractors 
during the EAB task and the networks identified with resting state functional connectivity, I 
calculated spatial correlations between group level contrast images derived from the EAB 
analysis described in chapter 2 and the group level seed-to-voxel connectivity maps for the 
DMN, DAN and FPCN. Spatial overlap between the resting state network maps and EAB task-
related activation maps differed between the two EAB contrasts of interest (Negative vs. Neutral; 
[NegativeMiss vs. NegativeHit] – [NeutralMiss vs. NeutralHit]). The regions activated in 
response to negative relative to neutral distractors during the EAB task (Table 1) overlapped with 
the DMN (r=0.71), FPCN (r=0.38) and to a lesser extent with the DAN (r=0.16), see Figures 2A 
and 3. In contrast, regions more active when negative distractors captured attention relative to 
neutral distractors (i.e., [NegativeMiss vs. NegativeHit] – [NeutralMiss vs. NeutralHit]), 
overlapped only with the DMN (r=0.73) and FPCN (r=0.41), see Figures 2B and 4. Spatial 
overlap between the resting state network maps and individual regions of interest from the EAB 
task-related activation maps varied by region and EAB contrast (Figure 5). I examine these 
differences in more detail below.  
  To test whether spatial overlap with task-related activation differed significantly between 
the DMN, DAN and FPCN, I examined whether the proportion of task-related voxels belonging 
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to each resting state network differed from each other resting state network using McNemar’s 
Chi-squared test separately for each EAB contrast of interest (proportions and statistics in Table 
3). In agreement with the spatial correlation results above for the regions more active in response 
to negative than neutral distractors during the EAB, there was significantly greater overlap 
between the DMN and the task-related regions than for either the FPCN or DAN in the left and 
right IPL, DMPFC, left MFG and precuneus. However, a larger proportion of the right MFG 
belonged to the FPCN than either the DMN or DAN. The left and right IFG clusters showed 
relatively little overlap with any network.  In regions more active when negative distractors 
captured attention relative to neutral distractors, the proportion of voxels belonging to the DMN 
was greater than the proportion belonging to the FPCN (proportions and statistics in Table 3). 
The pattern of proportions held when the average sizes of both the EAB task-related cluster and 
the resting state network clusters were taken into account, see Table 4 and Methods, equations 4-
6 (Kung et al., 2007). 
 To test the hypothesis that emotional distractors modulate activity in regions of the FPCN 
during capture, I examined whether the proportion of activation belonging to the DMN and 
FPCN changed significantly between the two EAB contrasts using Fisher’s exact test for each 
region of interest that was present in both EAB contrasts (left IPL, left and right MFG and 
DMPFC, see Figure 6). This analysis showed that the proportion of EAB-related activation 
belonging to the DMN increased when emotional distractors captured attention for the left IPL 
(p=0.03), left MFG (p<0.001) and right MFG (p<0.001), but not the DMPFC (p=0.07). In 
contrast, the proportion of voxels belonging to the FPCN increased in the left IPL (p<0.001) but 
decreased in the left (p<0.001) and right (p=0.001) MFG, and did not change in the DMPFC 
(p=0.91). Notably, the increase in proportion of overlap with the FPCN nearly doubled from the 
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negative vs. neutral to the EAB contrast (0.16 to 0.31), whereas I observed a smaller increase in 
overlap with the DMN (0.52 to 0.57). 
 Finally, I carried out voxelwise correlation analyses between the individual level EAB 
contrast maps and individual level resting state network maps. In contrast to the overlap analyses 
described above, I did not find a significant correlation between the posterior IPL component of 
the default mode network and either the overall response to negative distractors or the response 
when negative distractors capture attention. However, associations were found in other regions 
such as the MFG, IFG, amygdala and fusiform gyrus (Table 5) and the cerebellum (Table 6). I 
did observe a significant correlation between left and right anterior IPL clusters from the 
frontoparietal control network and the response to negative distractors overall in addition to the 
MFG, IFG and lateral occipital cortex (Table 5). Furthermore, the left anterior IPL was 
associated with the response to negative distractors when they captured attention (Table 6). 
Discussion 
 In this chapter, I studied the spatial relationship between regions involved in the emotional 
attentional blink and attentional networks defined using resting state FMRI, including the DAN, 
DMN and FPCN. Consistent with our hypotheses, I found that 1) emotional distractors modulate 
activity in regions overlapping with the DMN, including the DMPFC, precuneus and posterior 
IPL and 2) emotional distractors may specifically engage the anterior IPL component of the 
FPCN during attentional capture.  
 The primary finding of this study is that when an emotional stimulus elicits an EAB the 
anterior IPL component of FPCN is recruited (Figure 6, Table 6). This may reflect a shift in 
activation from the DMN to the FPCN. I propose that the EAB stems in part from this increased 
activation within the FPCN. Subdivisions of the IPL in humans and non-human primates have 
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been identified on the basis of cytoarchitectural differences following an anterior-posterior 
gradient (Caspers et al., 2006; Gregoriou et al., 2006; Pandya and Seltzer, 1982). The human IPL 
is comprised of 7 distinct regions: 5 anterior areas (PFop, PFt, PF, PFm, PFcm), roughly 
corresponding to BA 40 and 2 posterior areas approximating BA 39 (PGa, PGp) (Caspers et al., 
2006). In particular, the posterior IPL is a component of the DMN whereas anterior IPL is part of 
the FPCN (Vincent et al., 2008). The peak activation coordinates for the left IPL cluster in the 
EAB main effect contrast (Negative vs. Neutral) lie within the posterior IPL subdivision PGa, 
whereas the IPL peak activation observed during the EAB interaction contrast ([NegativeMiss-
NegativeHit] – [NeutralMiss-NeutralHit]) fall in the anterior IPL subdivisions PFm/PF based on 
the Juelich Histological Atlas (Caspers et al., 2008). In their initial characterization of the FPCN, 
Vincent and colleagues (2008) proposed that “the parietal region of both dorsal attention and 
frontoparietal control systems may transfer behaviorally relevant information during tasks 
requiring attention and discrimination,” (p. 3338). In the case of emotional stimuli, internally 
determined stimulus representations and associations dictate relevance. I suggest that the 
activation observed within the IPL during the EAB may represent information transfer between 
the posterior and anterior IPL components of the default mode and frontoparietal control 
networks, respectively, resulting in attention being directed to the emotional distractor. 
 I observed significant overlap between negative distractor related activation and regions 
associated with the DMN, including the DMPFC and precuneus (Negative vs. Neutral contrast, 
Tables 3 and 4, Figure 5). This finding fits with prior work demonstrating that emotional stimuli 
modulate the DMN (Pallesen et al., 2009; Pessoa et al., 2002; Pitroda et al., 2008; Simpson et al., 
2000; Sreenivas et al., 2012; Vuilleumier et al., 2001) and suggests that emotional distractors 
presented during the EAB task are associated with internally directed attention (Buckner et al., 
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2008). “Internally” directed attention here is meant in contrast to “externally” directed attention 
that would be focused on the particular low-level physical properties of the emotional stimulus 
(e.g., color, brightness, spatial frequency). Physical properties such as these do not appear to 
drive the EAB (Most et al., 2005). Similarly, the emotional distractors do not share features with 
target stimuli and thus the EAB likely does not stem from improper matching to an attentional 
set (Serences et al., 2005). The absence of EAB-related activation in some regions of the DMN 
(in particular, the MTL subsystem) indicates that EAB results do not reflect global DMN 
function and activity, but rather emphasizes the importance of functions carried out specifically 
by the DMPFC and precuneus.  
 The DMPFC has been characterized as both an important emotional control center and key 
region for self-referential thinking (Andrews-Hanna et al., 2010; Ochsner et al., 2004; Ray and 
Zald, 2012). It receives output from the amygdala (Ghashghaei et al., 2007) and has connections 
with both orbitofrontal and lateral prefrontal cortices in addition to canonical DMN centers like 
the posterior cingulate cortex and ventromedial PFC (Petrides and Pandya, 2007). It is 
hypothesized to function as an integration center transferring emotional information between 
ventral areas like the amygdala and OFC to lateral prefrontal regions (Phillips et al., 2008). A 
recent meta-analysis that examined brain regions involved in explicit emotion evaluation found 
that the DMPFC is consistently activated during evaluation regardless of whether the focus of 
evaluation is on one’s self, another individual or stimulus qualities (Lee and Siegle, 2009). 
Functional interactions between the DMPFC and amygdala are associated with increases in 
negative affect during directed elaboration of emotion (Ochsner et al., 2009), and predict 
increased anxiety both during task states (Robinson et al., 2012) and at rest (Kim et al., 2011). 
Indeed, a nearly identical region of activation to the one present in the EAB interaction contrast 
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has been identified as relating to subjective emotional experience in a study designed specifically 
to dissociate top-down emotional evaluation from low-level emotional experience (Kalisch et al., 
2006). DMPFC activity may relate to increased attention to an emotional state or stimulus rather 
than the intensity of experienced emotion (Satpute et al., 2013). Importantly, DMPFC response 
does not merely reflect any form of internal cognition, as it is not engaged during switches of 
attention to items in working memory (Tamber-Rosenau et al., 2011). Taken together, these 
studies suggest that in the context of the EAB, increased DMPFC activation reflects the level of 
attention or evaluation devoted to the negative distractors, though it is unclear from the present 
study whether this results from attention to the observer’s own emotional state or the emotional 
properties of the stimulus.  
 It is important to note that in this chapter I focused on activation elicited by negative 
emotional distractors when attention is captured regardless of lag ([NegativeMiss vs. 
NegativeHit] – [NeutralMiss vs. NeutralHit] contrast). In chapter 2, I observed that when this 
contrast was investigated during the lag 2 condition only, DMPFC activation was absent. One 
possible explanation for this discrepancy is that DMPFC activation depends upon resources that 
are unavailable in the lag 2 condition but present at lag 8. According to a bottleneck model of the 
EAB, at lag 2 there is competition between the emotional distractor and target stimulus for 
perceptual (and presumably semantic) resources (Chapter 1, Figure 2). If DMPFC activation 
reflects internally directed attention, this function may involve the same perceptual and semantic 
resources that are in competition during lag 2. This process may be more possible in the lag 8 
conditions when competition is minimized. However, alternative possibilities are that either 
DMPFC activation during lag 2 is present but below statistical thresholds because of the smaller 
number of trials at lag 2 or that DMPFC activation is equivalent during lags 2 and 8.  
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 Activation in the precuneus component of the DMN was found only during the main effect 
contrast of negative relative to neutral distractors and not during the interaction contrast, i.e., 
when attention was directed to negative distractors (see Tables 1 and 2). Anatomical studies in 
non-human primates have shown that the precuneus is connected with the posterior cingulate and 
retrosplenial cortices, ventral visual regions and the superior temporal sulcus as well as to 
superior and inferior parietal lobules and frontal eye fields (Cavada and Goldman-Rakic, 1989; 
Leichnetz, 2001; Parvizi et al., 2006). Qualitative review and meta-analytic connectivity 
modeling suggest that the precuneus is active during episodic memory, self-referential thinking 
and mental imagery (Cavanna and Trimble, 2006; Kellermann et al., 2013). A recent series of 
studies across spatial, feature- and object-based attention showed that a region of the precuneus 
just dorsal to the focus found during the EAB task is important for attentional shifts across 
domains and possibly in changes in task configuration more broadly (Chiu and Yantis, 2009; 
Esterman et al., 2009; Liu et al., 2003; Tamber-Rosenau et al., 2011; Yantis et al., 2002). 
Interestingly, Kellerman et al. (2013) proposed that “co-activation of [the] precuneus with 
regions featuring (attenuable) stimulus-driven emotional processing may … correspond to the 
integration of one's own experience into the emotional appraisal of incoming stimuli” (p. 79). 
The anatomical connections of the precuneus with adjacent posterior midline strutures, inferior 
parietal and goal-directed attention centers could support either attentional shifts or integration of 
affect into goal-directed processing. The precuneus activation I observe in concert with the IPL 
in response to negative distractors may result from this type of integrational function. Our data 
suggest that if the precuneus is involved in integrating affect into distractor evaluations, it does 
not appear to be involved in the process of shifting attention to the distractor, as it was only 
present during the main effect contrast (Negative vs. Neutral) and not the interaction 
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(([NegativeMiss-NegativeHit] – [NeutralMiss-NeutralHit]). Alternatively, lack of precuneus 
activation in the interaction contrast could be thought of as resulting from a failure to shift 
attention from the distractor to the target.  
 The specific role of the MFG in the EAB task is unclear, but its association with the DMN 
and FPCN together with its anatomical connection may provide insight into its possible function. 
The region of the MFG observed in both EAB task-related contrasts is consistently observed 
when task-irrelevant or distracting emotional stimuli are present during cognitively demanding 
tasks (Cromheeke and Mueller, 2013). Although increased activity in neighboring regions of 
lateral PFC is more typically associated with greater cognitive control in the face of emotional 
distractors (Egner et al., 2008; Etkin et al., 2006; Ray and Zald, 2012), the MFG does not appear 
to play this role during the EAB. Presumably, if MFG activation reflected successful 
implementation of increased cognitive control, it would be most active when distractors were 
ignored. Interestingly, while direct connections between the DMPFC and IPL regions discussed 
above are lacking, both regions have in common projections to the region of lateral PFC 
observed during the EAB task (Petrides and Pandya, 2006), suggesting a possible integrative 
function for the MFG.  
 I found no evidence that the EAB results from interactions with the dorsal attention 
network. Some overlap was observed between the inferior frontal and parietal regions activated 
in response to presentation of negative relative to neutral distractors and areas exhibiting resting 
state functional connectivity with the DAN (Table 3, Figure 5A). However, regions associated 
with differential activity specifically during the EAB did not overlap with the DAN (Table 3, 
Figure 2B). This finding runs contrary to neuroimaging results from related types of emotion-
attention interactions, such as from the dot probe and the emotional standard AB task. The EAB 
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studied here differs from these paradigms in that emotional distractors presented during the EAB 
task restrict awareness of the target stimulus and are irrelevant to task goals. In particular, the 
EAB paradigm differs from the dot-probe task in that the dot-probe measures biases in spatial 
attention caused by emotional stimuli and the dot-probe measures an effect considerably weaker 
and shorter than the EAB (see Chapter 1 for discussion). Neuroimaging studies of the dot-probe 
have typically found increased activity within the DAN in response to emotional cues that bias 
spatial attention (Armony and Dolan, 2002; Pourtois et al., 2006). Enhanced detection of 
emotional targets in the emotional standard AB task may stem from indirect interactions with 
goal directed/dorsal attentional mechanisms along with amygdalar modulation of sensory 
processing (Lim et al., 2009). Furthermore, a recently proposed model for the mechanisms 
underlying the EAB suggests that they are distinct from spatial attention (Most and Wang, 2011; 
Wang et al., 2012). My findings are consistent with the proposal that the EAB does not rely on 
spatial attention functions supported by the DAN.  
 The present study is not without limitations. Future studies should more stringently 
delineate the functional roles of the cortical regions identified as supporting the EAB (i.e., the 
DMPFC, IPL and MFG). In particular, I have inferred functions of these regions by their 
membership with different intrinsic brain networks described using resting state FMRI. One 
potential issue with this approach is that it is unable to provide disconfirmatory evidence 
regarding the roles of these areas in the EAB. I consider possible future studies that could 
address this deficiency in chapter 4. Additionally, my interpretations of activation within regions 
engaged during the EAB are limited by the assumption of what functions are performed by the 
DMN and FPCN. Finally, within each EAB-related region, my results are restricted by how 
much overlap with different networks is possible. 
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 In summary, I used resting state FMRI to define intrinsic brain networks associated with 
attentional control and internally- and externally-directed attention: the frontoparietal control 
network, default mode network and dorsal attention network. I used these network maps to 
characterize the functions of cortical regions engaged both in response to negative distractors per 
se and during the emotional attentional blink. I propose that the anterior inferior parietal lobule 
component of the frontoparietal control network reorients attention to emotional distractors 
whereas the dorsomedial prefrontal cortex part of the default mode network is involved in 
maintaining attention to or appraising emotional distractors. The middle frontal cortex may be 
involved in relaying information between the anterior inferior parietal lobule and dorsomedial 
prefrontal cortex under different conditions. 
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Tables 
 
Table 1. Regions of interest showing greater BOLD signal for negative compared to neutral 
distractors during the EAB task (Negative-Neutral). 
Region # Voxels Peak voxel 
X Y Z t 
IPL (L) 1320 -56 -60 26 6.2 
DMPFC 789 8 34 54 6.1 
MFG (R) 345 32 12 42 5.82 
IPL (R) 302 60 -54 30 4.48 
IFG (L) 289 -40 30 10 4.34 
MFG (L) 212 -34 22 48 4.99 
Precuneus 198 -6 -56 44 3.83 
IFG (R) 163 50 32 18 4.05 
Coordinates indicate ROI peak location in MNI space. 
 
Table 2. Regions of interest showing greater BOLD signal during the interaction of distractor 
condition and attentional capture during the EAB task ([NegativeMiss-NegativeHit] – 
[NeutralMiss-NeutralHit]). 
Region # Voxels Peak voxel 
X Y Z t 
IPL (L) 570 -54 -46 36 4.86 
MFG (L) 361 -20 14 40 6.06 
BNST 341 14 8 8 4.16 
DMPFC 328 -8 40 30 5.52 
MFG (R) 290 32 26 44 6.36 
Coordinates indicate ROI peak location in MNI space. 
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Table 3. Proportion of EAB task-related activation belonging to each resting state network. 
EAB contrast EAB 
region 
DMN 
proportion 
of EAB 
DAN 
proportion of 
EAB 
FPCN 
proportion of 
EAB 
DMN vs. DAN DMN vs. 
FPCN 
DAN vs. 
FPCN 
Χ 2 
p-
value 
Χ 2 
p-
value 
Χ 2 
p-
value 
Negative-
Neutral 
IPL (L) 0.52 0.05 0.16 526.32 <0.001 282.03 <0.001 74.63 <0.001 
DMPFC 0.73 0 0.10 575.00 <0.001 391.71 <0.001 80.01 <0.001 
MFG (R) 0.20 0 0.30 66.02 <0.001 9.46 0.002 103.01 <0.001 
IPL (R) 0.61 0.03 0.18 155.88 <0.001 69.72 <0.001 30.73 <0.001 
IFG (L) 0.03 0.01 0 3.13 0.08 8.10 0.004 2.25 0.13 
MFG (L) 0.65 0 0.29 136.01 <0.001 33.01 <0.001 59.02 <0.001 
Precuneus 0.94 0 0.01 185.01 <0.001 184.01 <0.001 0 1 
IFG (R) 0 0.06 0 7.11 0.008 -- -- 7.11 0.008 
Negative(Miss-
Hit) - 
Neutral(Miss-
Hit) 
IPL (L) 0.57 0 0.31 -- -- 44.07 <0.001 -- -- 
MFG (L) 0.84 0 0.12 -- -- 234.90 <0.001 -- -- 
BNST 0 0 0.03 -- -- 8.10 0.004 -- -- 
DMPFC 0.78 0 0.11 -- -- 192.29 <0.001 -- -- 
MFG (R) 0.41 0 0.19 -- -- 27.13 <0.001 -- -- 
Χ2 and associated p-values result from McNemar’s test for proportions with df=1. Entries with “--“ indicate comparisons for which 
statistics were incalculable. 
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Table 4. Average overlap between EAB task-related activation and each resting state network. 
EAB contrast EAB 
region 
DMN 
proportion of 
EAB 
DAN proportion 
of EAB 
FPCN proportion 
of EAB 
Negative-Neutral IPL (L) 0.4 0.04 0.16 
DMPFC 0.44 0 0.09 
MFG (R) 0.14 0 0.23 
IPL (R) 0.35 0.02 0.11 
IFG (L) 0.03 0.03 0 
MFG (L) 0.36 0 0.16 
Precuneus 0.49 0 0.01 
IFG (R) 0 0.06 0 
Negative(Miss-Hit)-
Neutral(Miss-Hit) 
IPL (L) 0.35 -- 0.22 
MFG (L) 0.5 -- 0.07 
BNST 0 -- 0.06 
DMPFC 0.42 -- 0.07 
MFG (R) 0.27 -- 0.14 
 
 
Table 5. Regions showing correlation between BOLD signal during negative distractor 
processing (Negative-Neutral) and DMN or FPCN. 
RS Network Region # Voxels Peak voxel 
X Y Z r 
DMN MFG (R) 22 38 12 44 0.845 
Fusiform 
Gyrus (R) 19 46 -52 -18 0.86 
IFG (L) 10 -44 38 6 0.901 
Amygdala 
(L) 10 -18 -2 -12 0.853 
FPCN IPL (L) 59 -56 -58 26 0.835 
Lateral 
Occipital 
Cortex (L) 15 -54 -54 2 0.895 
MFG (R) 13 34 10 42 0.87 
IPL (R) 13 56 -58 38 0.828 
MFG (R) 13 36 24 30 0.828 
IFG (R) 13 42 0 32 0.867 
IPL (R) 10 40 -52 26 0.79 
Coordinates indicate ROI peak location in MNI space. 
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Table 6. Regions showing correlation between BOLD signal when negative distractors captured  
attention relative to neutral distractors [Negative(Miss-Hit)-Neutral(Miss-Hit)] and DMN or 
FPCN. 
RS Network Region # Voxels Peak voxel 
X Y Z r 
DMN Cerebellum 
(L) 13 -26 -76 -42 0.785 
FPCN IPL (L) 15 -50 -58 46 0.719 
MFG (L) 12 -32 26 48 0.823 
IPL (L) 12 -60 -48 38 0.797 
Posterior 
Cingulate (L) 11 -8 -24 48 0.857 
Coordinates indicate ROI peak location in MNI space. 
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Figures 
 
 
 
Figure 1. Resting state functional connectivity maps for the A. DAN, B. DMN and C. FPCN. All 
3 networks are represented in D. Red=DAN, Blue=DMN, Green=FPCN. 
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Figure 2. Spatial distribution of resting state networks compared with EAB task-related 
activation.  
A. Increased activation in response to negative emotional distractors regardless of attentional 
(Negative vs. Neutral contrast) capture overlaps primarily with regions of the DMN. B. 
Activation elicited by negative emotional distractors when attention is captured ([NegativeMiss 
vs. NegativeHit] – [NeutralMiss vs. NeutralHit] contrast). overlaps with the DMN and FPCN. 
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Figure 3. Spatial distribution of resting state networks compared with EAB task-related 
activation in response to negative vs. neutral distractors.  
Increased activation in response to negative emotional distractors regardless of attentional 
capture (Negative vs. Neutral contrast) overlaps primarily with regions of the DMN. Slice 
numbers indicate z-coordinate in MNI space. 
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Figure 4. Spatial distribution of resting state networks compared with EAB task-related 
activation when negative distractors capture attention. 
Activation elicited by negative emotional distractors when attention is captured ([NegativeMiss 
vs. NegativeHit] – [NeutralMiss vs. NeutralHit] contrast) overlaps with the DMN and FPCN 
Slice numbers indicate z-coordinate in MNI space. 
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Figure 5. Spatial correlation of task-related EAB activations and resting state networks.  
A. Correlation between each region of activation defined by increased response to negative 
emotional distractors regardless of attentional capture (Negative vs. Neutral contrast) and each 
resting state network. B. Correlation between each region of activation defined by increased 
response to negative emotional distractors that capture attention ([NegativeMiss vs. NegativeHit] 
– [NeutralMiss vs. NeutralHit] contrast) and each resting state network. 
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Figure 6. Proportion of EAB task-related activation belonging to the DMN or FPCN  
for regions present in both EAB contrasts of interest [Negative vs. Neutral; (NegativeMiss vs. 
NegativeHit) – (NeutralMiss vs. NeutralHit)]. 
* indicates p<0.05; *** indicates p<0.001 from Fisher’s exact tests. 
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CHAPTER 4  
 
GENERAL DISCUSSION AND FUTURE DIRECTIONS 
 
I propose that in the context of the EAB: the amygdala is involved in the emotional 
evaluation of distractors; the aIPL reorients attention to the distractor; the DMPFC maintains 
attention to and may be involved in emotional appraisal of the distractor; and the MFG acts as an 
integration/relay center between the DMPFC and aIPL. The role of the amygdala as an 
evaluative center has been well defined (Zald, 2003). The functions I have ascribed to the 
cortical regions engaged during the EAB are based largely on my overlap analyses in chapter 3. 
In this chapter, I compare this proposal to other models of the EAB and closely related 
phenomenon and suggest possible future directions for this line of research. 
Recent psychological and neural models of emotional modulation of the AB draw heavily 
from bottleneck theories of the standard AB. Two stage bottleneck models of the standard AB 
propose that the phenomenon arises due to an inability to process T2 while T1 occupies a central 
resource. In these models, all stimuli presented in the RSVP stream are processed to semantic or 
conceptual levels in a first stage but conscious awareness of targets depends on access to a 
capacity limited second stage of processing (Dux and Marois, 2009). Related models have been 
advanced for emotional modulation of the AB. Schwabe and colleagues (2010) have proposed 
that during the standard AB, emotional facilitation of T2 processing and emotional T1 
impairment of T2 processing (similar to the EAB) depend on separable neural mechanisms. First, 
driven by the amygdala, emotional items outcompete non-emotional items for stage 1 perceptual 
resources, leading to enhanced processing of emotional T2. This proposed mechanism fits with 
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previous neuroimaging data showing that connectivity between the amygdala and visual regions 
predicts emotion-facilitated T2 detection (Lim et al., 2009). Second, the Schwabe model 
suggested that an emotional T1 impairs subsequent target processing by maintaining a more 
robust stage 2 representation, stemming from processing in the OFC, anterior insula and anterior 
cingulate. In contrast, Most & Wang (Most and Wang, 2011; Wang et al., 2012) have argued that 
the EAB depends on increased competition for perceptual resources created by the emotional 
distractor rather than a central bottleneck because the EAB is spatially specific. That is, 
emotional distractors that appear in a monitored location spatially distinct from the target 
location do not impair awareness for the target. 
I found no evidence for increased stage 1 processing as a mechanism for the EAB as 
proposed by the Most & Wang perceptual competition model (Most and Wang, 2011; Wang et 
al., 2012). Increased stage 1 processing in sensory regions appears to be largely driven by the 
amygdala, at least in response to face stimuli (Hadj-Bouziane et al., 2012; Lim et al., 2009; 
Vuilleumier et al., 2004). Emotional faces elicit strong activation within the ventral visual stream 
in concert with the amygdala (Palermo and Rhodes, 2007). Despite this, emotional faces do not 
produce a robust EAB in healthy individuals (McHugo, VanDerKlok, Zald & Blackford, in 
preparation). Emotionally enhanced stage 1 processing for more complex scene stimuli may 
depend on regions other than the amygdala, such as the OFC (Edmiston et al., 2013). However, 
in chapter 2, I observed no EAB-related activation in the OFC or ventral visuocortical areas. My 
findings are consistent with the suggestion that the EAB stems from a system distinct from that 
supporting spatial attention (Most and Wang, 2011). Although emotional stimuli may in some 
cases modulate dorsal frontoparietal regions (i.e., the dorsal attention network) important for 
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spatial attention such as the FEF and IPS (Armony and Dolan, 2002; Pourtois et al., 2006), I did 
not observe differential activation of these structures in my study as shown in chapter 3. 
My results partially support the model proposed by Schwabe and colleagues (2010) 
suggesting that emotional interference with T2 during an AB task results from enhanced stage 2 
processing of the emotional stimulus. However, in keeping with the unique nature of the EAB 
(see chapter1 for discussion), I found that the brain regions involved in the EAB (amygdala, 
DMPFC, anterior IPL and MFG) differ from those found by Schwabe et al. to be associated with 
emotional T1 interference with T2 processing in the standard AB (anterior cingulate cortex, 
anterior insula and OFC). Importantly, their proposal stems from an examination of the regions 
activated during a contrast in which emotional T1 conflict with emotional T2. Their results 
therefore likely reflect competition between the representations of two affectively salient stimuli, 
rather than the interference of task-irrelevant emotion with a non-emotional task set as in the 
EAB. 
The aIPL activation peak I observed during the EAB fell within the frontoparietal control 
network rather than in the more posterior IPL region belonging to the DMN (Vincent et al., 
2008). That other components of the FPCN largely did not exhibit activation during the EAB 
suggests that they may play a similar functional role across conditions (Compton et al., 2003); 
that is, when an emotional distractor captures attention and when attention is properly directed 
toward a target. Activity in the pIPL was modulated by emotion in the task, but only the aIPL 
exhibited an activation profile reflecting an EAB. This observation is consistent with previous 
data showing emotional modulation of the pIPL without conscious awareness of a stimulus 
(Troiani and Schultz, 2013; Troiani et al., 2012). My suggestion of a reorienting role for the aIPL 
recalls the general function assigned to the stimulus-driven attention network as defined by 
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Shulman and colleagues (Corbetta et al., 2002; Corbetta et al., 2008). However, the subregion of 
the IPL that is evoked during the EAB lies dorsal and anterior to the region responsible for 
shifting attention in a stimulus-driven manner to non-emotional stimuli in a similar task 
(Asplund et al., 2010). Taken together, these findings suggest that distinct subdivisions of the 
IPL may support reorienting of attention in different contexts.  
I found substantial overlap between the observed DMPFC cluster and a corresponding 
component of the default mode network. Within the DMN, the DMPFC appears to function as a 
key hub in a subnetwork responsible for self-referential and affective appraisal (Andrews-Hanna 
et al., 2010; Buckner et al., 2008; Lee and Siegle, 2009). This putative function is supported by a 
recent study in which the DMPFC was found to be more active specifically when participants 
attended to and made emotional appraisals of stimuli relative to when they attended to and 
judged non-emotional aspects of stimuli (Satpute et al., 2013).  
The MFG may function to integrate signals from the DMPFC and aIPL to guide 
behavior. Alternatively, MFG activation during the EAB may reflect selection among abstract 
stimulus representations as suggested by some models of lateral PFC function (Petrides, 2005; 
Ranganath, 2006; Zald, 2007). In terms of two-stage bottleneck/competition models of the EAB, 
it may result from competition between high-level representations of the target and emotional 
distractor during stage 2 processing. Regardless of the specific role served by the MFG during 
the EAB, this region possesses structural connectivity that could bridge communication between 
the DMPFC and aIPL (Caspers et al., 2011; Petrides and Pandya, 2006). More research is needed 
to precisely characterize MFG function during emotion-attention interactions. 
My results support a mechanism for the EAB that is distinct from other forms of 
emotion-attention interactions and attentional capture. The amygdala receives highly processed 
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visual information and likely represents a critical structure in generating an EAB. However, my 
data are inconsistent with previously proposed sensory enhancement models of amygdalar 
influence on attention. Instead, stimuli identified as emotionally salient during the EAB may be 
passed on to the dorsomedial prefrontal cortex for further evaluation and relayed to the anterior 
inferior parietal lobule via the middle frontal cortex. My findings from the EAB FMRI 
experiment and the resting state overlap and correlation analyses suggest that the anterior IPL is 
the critical mediator of whether an EAB does or does not occur. Careful examination of the 
timecourse in this region (Chapter 2, Figure 19B) indicates that its response to negative 
distractors that capture attention at lag 2 (i.e., negative2miss trials) is quite similar to its response 
to hit trials regardless of distractor type (i.e., negative2hit and neutral2hit trials). In chapter 1 I 
presented a bottleneck model of the EAB in which emotional distractors and targets competed 
for perceptual processing resources. The pattern of aIPL activation suggests that the competition 
for resources between distractors and targets may take place in this region, rather than in an 
earlier perceptual stage of processing. Whether an EAB does or does not occur may depend upon 
whether the balance of activation in the aIPL tips in favor of aggregate signals from the 
amygdala, DMPFC, MFG and possibly pIPL (resulting in an EAB) or target related signals from 
the FEF and IPS (resulting in a correctly detected target). This proposal is consistent both with a 
salience or priority map function assigned to other regions of the parietal cortex (Fecteau and 
Munoz, 2006) and the putative role of the frontoparietal control network in integrating signals 
from other wide-scale brain networks to determine behavior (Spreng et al., 2010).  
In addition to the regions I have identified as playing a role in the EAB, I observed 
several regions whose activity was modulated by distractor emotion but did not appear to track 
with the EAB. The IFG and precuneus both exhibited significant activation in response to 
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negative emotional distractors. In my data, both regions were associated with response to 
negative distractors collapsed across hit and miss trials (negative vs. neutral) and when I 
examined miss trials alone (negative miss vs. neutral miss). However, both regions were 
unrelated to attentional capture as they were not present when I examined the interaction contrast 
[negative (miss vs. hit) vs. neutral (miss vs. hit)]. In the case of the IFG, this is consistent with a 
previously identified role for this region in responding to infrequently presented emotional 
stimuli (see Chapter 2 for further discussion). The precuneus is thought to be involved in 
emotional appraisal or evaluation, but not in a manner that determines the focus of attention (see 
Chapter 3 for further discussion).  
Future studies could use careful experimental design or techniques such as transcranial 
magnetic stimulation (TMS) to better characterize the regions I posit are involved in the EAB. 
For example, I have suggested that the aIPL is critical for reorienting attention to emotional 
distractors while the DMPFC reflects internally directed (as opposed to externally) attention to 
emotional qualities of the distractors. FMRI studies by the Yantis lab have used the temporal 
profile of activation in different regions to dissociate areas involved in initiating shifts vs. 
maintaining attention (Kelley et al., 2008; Liu et al., 2003; Serences et al., 2004; Yantis et al., 
2002). This approach combined with manipulation of distractor presentation time may prove 
fruitful in characterizing the unique contributions of the DMPFC and IPL. If the IPL is indeed 
critical for reorienting attention to emotional stimuli, activity in response to an emotional 
distractor that captures attention should be brief and present only for stimulus onset. Conversely, 
if the DMPFC reflects internally directed attention to and appraisal of an emotional distractor, its 
activity should be maintained throughout the duration of the stimulus presentation/putative 
appraisal period. Alternatively, TMS disruption of the aIPL could help to determine whether this 
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region plays a necessary role in reorienting attention to emotional distractors. TMS disruption of 
the specific anterior IPL region found during the EAB interaction contrast should result in more 
accurate detection of subsequent targets, though this may be problematic because of a possible 
role for adjacent regions in detecting targets during AB tasks (Husain and Nachev, 2007).  
There are two additional limitations of the EAB study not discussed above. First, I was 
unable to rule out an arousal-based explanation of the EAB. In the distractors chosen for this 
study, emotional salience and arousal are confounded – the negative distractors were 
considerably more arousing than the positive and neutral distractors. Arousal plays an important 
role in the experience of emotion and indeed, may impact the degree of capture elicited by an 
emotional stimulus (Most et al., 2007). To examine the degree to which arousal mediates the 
responses found in this study, future experiments could either use distractor categories matched 
on arousal (including arousing neutral stimuli) and/or include participant ratings of arousal as a 
covariate in the behavioral and imaging analyses. If arousal is a key component of generating an 
EAB, the response of regions such as the anterior IPL should scale with arousal ratings. 
In summary, I used event-related and resting state FMRI to identify and characterize the 
brain regions that participate in the emotional attentional blink. This work is important not only 
in understanding human cognition, but also in determining neural systems that may be involved 
in the etiology of anxiety disorders.  
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